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Preface 


SiNCE Frederick W. Taylor began his work in management 
about 1880, men have attempted to make the subject more exact by de- 
veloping a body of proved techniques and by formulating principles of 
management that might be regarded as scientific. Companies and indi- 
viduals have conducted numerous experiments, studied the experiences 
of others, and examined specific situations in an attempt to derive 
management principles. This study continues unabated. 

In the first studies of management, attention was centered upon 
problems of production at the plant or worker level. Managers con- 
cerned themselves with technical processes, the selection and care of 
machines and equipment, the flow of materials through the plant, the 
organization of the work, and the supervision of workers. In the plant, 
management has continued to be interested in the basic problems per- 
taining to the volume of production, the cost of the product, human 
relations, and safety. The problems remain the same, although the em- 
phasis has shifted. 

' The discussion of management problems requires attention to the 
manner in which people co-operate to produce goods and services. This 
discussion requires attention to the three levels of organization which 
present different types of problems: the executive level, the super- 
visory level, and the worker level. These three levels are separately 
treated in this book. Since the organization for production requires cer- 
tain staff services, attention is also directed to the development of staff 
and its proper relationship to the line. 

Problems of physical equipment also require study. Such prob- 
lems pertain to plant location, machinery and equipment, the increased 
mechanization of production, automation, methods of materials han- 
dling, and maintenance of machinery and equipment. At the workplace, 
the work of production brings together the machine, the tools, die 
materials, and the worker who tends the machine and fashions the 
product. Relevant techniques of management at this stage include 
{methods of dealing with increasing mechanization, reducing the costs 
rof materials handling, setting standards for the amount of production, 
<4Qid planning and controlling production. In fact, Taylor found that all 
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of the problems of management could be traced to the methods of 
organizing and controlling die work at the machine or the work center. 

In the discussion of management problems in this book, attention 
is necessarily directed to some of the broader problems that affect the 
activities at the work level. During recent years, production plans and 
programs have been affected by the prospects of inflation or deflation. 
For example, the decision to construct or rent a building and to buy 
or lease machines depends in part upon the prospect of inflationary 
trends. Other developments outside the company which affect produc- 
tion plans include government programs for national defense, the 
emphasis upon the dispersal of the facilities of production, new high- 
way construction, changes in competition from other companies and 
other industries, and the attitude of governmental agencies toward size 
and the expansion of the product line through mergers. Reference is 
made to these changes at various places throughout the text. 

The subject of management may be studied and taught in formal 
courses of study in any one of three ways. First, certain techniques or 
methods of carrying out a program or plan may be explained. Examples 
are methods of computing costs with a new machine in comparison 
with costs for an old machine, methods of revising the layout of the' 
plant, the procedure for setting work standards by motion and time 
study, and the way to interview an applicant for a job. Much of the 
discussion throughout this book is concerned with such techniques and 
the methods of conducting various programs. :S&.‘ 

Second, a better understanding of management may be developed 
by a discussion of the work of various divisions or departments of an 
enterprise, the relationships of departments and divisions to each other, 
and ways of co-ordinating their activities with each other and with in- 
stitutions outside the company. For example, quality control is^^ieved 
through the co-ordination of product research, product design, standards 
for purchasing and storing materials, the manufacturing processes, and 
inspection. Human relations problems affect decisions as to building 
construction, plant layout, physical equipment, and working conditions. , 
At various places in die discussion in this book, reference is made to the 
need for coordinating production activities. 

Third, foe student may be prepared for work in management by 
developing his ability to analyze a business problem and to arrive at a. 
logical solution. This phase of student development may be furthered- 
by a discussion of foe philosophy of management in relation to spetil&l 
problems and by questions and cases which call for new applkat foa ay' 
of principles. In a text like foe present volume, only a beginning:' 
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be made toward this aspect of the development of the student, but it is 
hoped that the book can make a contribution toward this objective. 

It may be assumed that the manager is required to have a knowl- 
edge of the technical processes of production in the company or the 
plant which he is called upon to manage. In this book, illustrations are 
drawn from a great many industries, including metal working, glass, 
soap, book publishing, and automobile. The discussion is not intended 
to make the reader an expert in any field of production. It is intended 
to illustrate that management principles are of general application and 
can be useful in any area of activity. 

Richard N. Owens 
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PART I 

INTRODUCTION 




CHAPTER 


1 The 

Development of 
Management 


Whenever people work together for the accomplish- 
ment of a common objective, some persons need to give attention to 
the problems of planning what is to be done, making provisions for 
physical facilities, assigning duties or tasks to the people, and directing 
-and co-ordinating the various activities. As the work progresses these 
jUl^persons may receive reports of work done, inspect the results, com- 
ccomplishment with some predetermined standards, and take such 
jtive actions as may seem desirable. These principles of organiza- 
id management may be applied in industry, commercial enter- 
and other types of group activities. 

ARLY DEVELOPMENTS IN MANAGEMENT 



Even jffipcient times, attention was given to management methods 
in the fflWprt of the government, organization for war, construction 
projects, lio other work where co-operative endeavor was required. 
He book of Genesis 1 in the Bible tells how Joseph foretold the seven 
yeatsof famine and then suggested to Pharaoh a plan for preparing for 
it in order that the people might have food during the years of scarcity. 
His plan was accepted, and he was put in charge of the project. With 
&iie assistance of supervisors, he collected grain, stored it, protected it 
rioration and loss, and dispensed it during the years of 
it-' This project required attention to many methods of organizing, 
"isMSenfsis 41:44. 
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supervising, providing warehouse space, collecting and transporting 
grain, reporting on the progress of the work, checking on results, and 
taking corrective action. 

Later the Israelites followed other practices resembling the methods 
of modem management. Moses was required by the burden of his work 
to delegate authority to certain subordinates, to establish control tech- 
niques, to limit the number of subordinates reporting to him, and to 
establish a chain of command. 2 Joshua sent spies into Jerico to ap- 
praise the strength and weaknesses of the enemy. 8 This practice bears 
certain resemblances to methods sometimes used 1 'in a competitive econ-i 
omy. In ancient times, the kings sometimes sought the advice ofl 
prophets, whereas executives now may seek the advice of consultants. 4 

Many other examples of management methods in ancient times might 
be cited. The Carthaginians were particularly proficient in technical 
methods of maneuvering ships at sea and in the organizational aspects 
of maritime warfare. The Romans studied and applied methods of 
conducting land warfare and constructing and managing public enter- 
prises, such as roads, aqueducts, public entertainment, buildings, and 
monuments. The Romans were able to establish an empire of great 
territorial extent and to rule it for several centuries because they mas- 
tered the techniques of organizing through the use of the chain of 
command and of controlling the work of persons to whom authority, 
was delegated. 

No attempt will be made here to trace the changes in the prolirafis 
and methods of management throughout history. To give a meaning- 
ful treatment would require extended discussion of the manorial system 
of the Middle Ages, the feudal system, the revival of trade and com- 
merce following the Crusades, the increased activity in busines^tfEtivities 
following the discovery of America, the methods of prod&fidon and 
sale in the handicraft system, and the rise of the factory system. The 
discussion will be limited to the beginning of the modern niahagement 
movement and a few of the more recent developments. 

Early Industrial Management. In industry, methods of organiz- 
ing, planning, supervising, directing, and controlling the flow of produc- 
tion were developed at least as early as the days of Adam Smith.' "Writ- 
ing in 1776, he described the process of making ordinary brass pins. 8 
The work involved eighteen distinct operations. In some factories, fee > 

* Exodus 18:22. 

* Joshua 2:1-24. 

' * II Chronicles 18.' 

* Tb* Width of Nations (London: George Bell and Sons, 1899), Book I, chaf. iJSmS. 
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said, the number of workers was more than eighteen, and more than one 
worker was assigned to some operations. In other factories, fewer than 
eighteen workers were employed, and one worker would perform more 
than one operation. In either 'case, a production line existed, although 
the materials were not moved by conveyors. Adam Smith found that 
the division of labor in pin making, and also in other industries, sub- 
stantially increased production through various economies which he 
enumerated. 

Another interesting observation of Adam Smith was that the division 
of labor led to the need for an entirely new trade or occupation of man- 
agers, to whom he gave the name of philosophers. He described the 
new developments as follows: 

All the improvements in machinery, however, have by no means been the in- 
ventions of those who had occasion to use the machines. Many improvements 
have been made by the ingenuity of the makers of the machines, when to make 
them became the business of a peculiar trade ; and some by that of those who are 
called philosophers or men of speculation, whose trade it is not to do anything, 
but to observe everything; and who, upon that account, are often capable of com- 
bining together the powers of the most distant and dissimilar objects. In the 
progress of society, philosophy or speculation, becomes, like every other employ- 
ment, the principal or sole trade and occupation of a particular class of citizens. 
Like every other employment too, it is subdivided into a great number of different 
branches, each of which affords occupation to a peculiar tribe or class of phi- 

‘'•Sip- 

lit, the foregoing paragraph, Adam Smith makes a distinction between 
the production-line worker, the person who designs the machine and 
handles other engineering problems, and the managers who plan, 
organizev supervise, observe, and control the operations. These distinc- 
tions are basic to much of modern management. 

Beginning of Work Measurement. Studies in work measurement 
were made from time to time in both the United States and England. 
Some of these studies included the use of the stop watch. An interesting 
Study of this nature was made by Thomas Jefferson in 1769 as he began 
•"to dig the foundation of his new home near Charlottesville, Virginia, 
which he called Monticello. He observed that "four good fellows, a 
lad, and two girls of about sixteen” dug a hole of 14% cubic yards in 
, 8% hours. As a modern time-study man would do, he observed and 
recorded all the circumstances which affected the amount of work done, 
3$uch,as the weather, the time taken to eat breakfast, the crowding of the 
Ipiarkets in the hole being dug, and the necessity for one or two persons 
* tSihaul away the dirt to prevent it from rolling in again. From such 
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observations he estimated the amount of dirt that one person could dig 
and haul away in a day of twelve hours. 8 Standards of this kind consti- 
tuted the essential feature of the Taylor system of management which 
was developed later. Such standards are still very important. 

Standardization of Product. Another early development was the 
production of parts according to specifications in such manner that the 
parts were interchangeable. As a result of this development, any part 
could be used in assembly without being machined to fit other parts. 
This advance permitted the production of parts in quantity, the division 
of labor with smaller and smaller work assignments to any one person, 
and the establishment of an assembly line with all that this technic ue 
implies. Eli Whitney is credited with having developed the principle of 
interchangeable parts in the manufacture of muskets. \ 

Development of Manufacturing Methods. The beginning of thA 
modem era about 1500 was marked by a number of inventions, of which 


the most significant were the printing press, the lens, the compass, and 
various uses of gunpowder. Beginning about 1775, a number of ma- 
chines were developed for the manufacture of cloth, which was one of 
the most important industries. These inventions were so significant that 
the beginning of the industrial revolution is usually dated from this 


period. The changes in methods of production soon extended to other , 
industries with the invention of the steam engine, the cotton gin^JijK: 
steamboat, the reaper, and other machines. The inventions nodflH| 
revolutionized methods of production on farms and in factorij9p$-$l 
used the machines but also gave rise to new industries for the'^^^p-:, 
facture of machines and the materials and parts used in their prodt|E|p, 
With the introduction of new machines, larger factories w eaJ i iBft 
to employ larger numbers of people. The work of producttf||i^^pSr' 
ther subdivided into smaller tasks to provide for greater 
among the workers. Attention was directed to such protMHplIifdaiit 
location, plant layout, methods of moving materials, andSppfctign of 
factory buildings. Machines were gradually improved and oNHJhachines 
were invented from time to time. 


Development of Management Methods. During the £$st half 
of the nineteenth century, attention began to be directed toward Such 
management problems as personnel relations, hours of worl^^fcB^we, 
and market relationships. Not much was written on the 
management, but each company seems to have worked out its 'H gjij j ij i L 
niques. The attitudes gradually changed after 1850 " " * ' * 

*Tkomat Tefertonfs Garden Book, quoted by Albert Lepawsky, 

York Alfred Knopf, Inc., 194?), p. 120. 
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began to be a subject for discussion in magazines and professional 
meetings. The management of production gradually came to be re- 
garded as something more than engineering. 

The new emphasis is illustrated by a paper written by Henry R.. 
Towne entitled "The Engineer as an Economist,” which he read before 
the American Society of Mechanical Engineers in 1886. He stated that 
the manager needed to know much besides the technical information 
pertaining to production methods. He said: 

The organization of productive labor must be directed and controlled by per- 
sons having not only good executive ability, and possessing the practical familiarity 
of a mechanic or engineer with the goods produced and the processes employed, 
but having also, and equally, a practical knowledge of how to observe, record, 
analyze, and compare essential facts in relation to wages, supplies, expense ac- 
counts, and all else that enters into or affects the economy of production and the 
cost of the product . 7 

To meet the requirements of the changing environment of business, 
Towne recognized the three basic requirements or skills of business 
management. First, the manager needed an understanding of the tech- 
nical problems of production, such as the processing of the product, 
the machines used, the layout of the plant, methods of inspection, and 
ntenance and repair of equipment. Second, he needed an under- 
ng of people, including methods of selection, placement, training, 
inication, and motivation. Third, he needed an appreciation of 
«Q»Justry and the economic system in which the business bought its 
'iw fP haterials, sold its products, procured funds for financing, and 
mUg^jped various other contacts. 



SCIENTIFIC MANAGEMENT 

lagement is the name given to a new movement which 
11 way in the latter part of the nineteenth century and 
• jecdved iSftional prominence in the first two decades of the present 
: centuiy. ^*he new system was characterized by a spirit of inquiry, the 
que&onmg of all conventional management methods and techniques, 
aad aagattempt to promulgate basic management principles. Probably 
; the persons associated with the new movement were 
Taylor, Henry L. Gantt, and Frank B. and Lillian M. 

W. Taylor. Scientific management is usually associated 

I by Lepawsky, op. at., p. US. 
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with the name of Frederick Winslow Taylor (1856-1915). After an 
early life in a sheltered environment of study and travel and a period 
of apprenticeship as a machinist, Taylor entered the employ of the 
Midvale Steel Company at Philadelphia in 1878. He worked as laborer, 
clerk, machinist, and foreman.(His interest in management was strongly 
influenced by his observation tnat, throughout the plant, workers took 
more time to perform any task than they needed to take. Furthermore, 
the management had not developed any standards by which the effi- 
ciency of a worker at a task could be judged., When Taylor was made 
a foreman, he obtained the permission of the management to develop 
standards and to improve production with a view to reducing the labour 
costs J^The standards would be set for tasks after timing workers with 
a stop watch. \ 

As might have been expected, the effort to establish a standard time', 
for each task aroused the strong opposition of the workers. In an 
effort to gain their co-operation, Taylor developed a piece-rate system 
which was intended to share the savings with them. However, the 
opposition was never fully overcome. 

The attempt to set a standard time eventually led to a complete 
study of all phases of plant management because all plant activities 
were developed to aid production at the workplace. The repair and 
maintenance of machines required attention because the speed of any 
machine depended upon its condition. Belts and their tension r e rii H li i l - 
special study because the way the machine performed depended^Spon 
the transmission of the power to operate it. Machine tools req&ited 
managerial control. In order that the proper tools would be available 
when they were needed, a toolroom was established to make oi;.pnrchase 
tools, repair and store them, and issue them. Standards f(^paterials 
were developed in .order that materials used in the wock“ : would be 
uniform in quality and would be the same as the materiaf&nsed when 
the standard time was set. Studies were also made to determine the 
optimum hours of work, the proper number and length of rest periods, 
the weight of the load that a worker should be expected to lift, the 
percentage of time that a worker could be under load, and the fame that 
might be required for walking, standing, or sitting. Control over the 
flow of work throughout the plant was established through a special 
Assistant to the superintendent to plan for production, issue orders ;for 
work to be done, follow the progress of the work, and take soch cbr- 
'tective action as might be required. 

As the studies in management continued at the Midvale Steel 
pany, Taylor was joined by a number of other persons. This grouj 
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assisted in introducing the new methods at other plants and also in 
publicizing the ideas of the movement. They remained at Midvale 
until 1890 when the company discontinued the studies. Members of the 
group then took up the work with other companies either as members 
of the management or as consultants. From 1898 until 1901, Taylor 
and some others of the original group continued the studies at the 
Bethlehem Steel Company. From 1901 until his death in 1915, Taylor 
devoted himself to writing and lecturing on the subject of management. 
•'Summary of the Taylor Principles. While Taylor summarized 
his principles in several ways, the following statement of the responsi- 
bilities of management personnel under the new system is suggestive: 

First, they develop a science for each element of a man’s work, which replaces 
the rule-of-thumb method. 

Second, they scientifically select and then train, teach and develop the work- 
man, whereas in the past he chose his own work and trained himself the best 
he could. 

Third, they heartily co-operate with the men to insure all the work being done 
in accordance with the principles of the science which have been developed. 

Fourth, there is an almost equal division of the work between the management 
and the workmen. The management takes over all work for which it is better 
fitted than the workmen, while in the past almost all of the work and the greater 
part of the responsibility were thrown upon the men. 8 

- : -. "iin me of the System. The integrated system of management has 
SOBSeilimes been called the Taylor system, or more simply. Taylorism. 
Tgylctf did not like either of these names because he did not believe that 
thenew movement should be so closely associated with himself. The 
first name which he gave the system was "a piece-rate system,” in 1896. 
However^he was surprised that many people regarded the method of 
wage payment as the essential feature, and some people were opposed 
to the ii<wi' : o£ a piece rate. 

Tifenextgame which he gave the system was “the task system.” This 
name indicated that each man would be assigned a daily task which 
would be dearly defined and difficult of accomplishment. Management 
would be responsible for providing standardized conditions to enable 
the worker to accomplish the task. The responsibility of management 
embraces the various features of the system as previously indicated. Fur- 
ther, the system would provide for high pay for success and a severe 
penalty in case of failure. This name also aroused opposition and 
iused -file system to be criticized because, as Taylor said, the name 

|jj|TJyl6r, Scientific Management, p. 36. 
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"sounded as though you were treating the men severely, whereas the 
whole idea underlying our system is justice and not severity.” 

/ In his book, which was published in 1903, Taylor used the name 
"shop management.” This name failed to describe the system accurately. 
It suggested a particular kind of work, whereas the system was supposed 
to be of general application. In fact, the emphasis throughout Taylor’s 
writings is placed upon the activities of a metalworking establishment, 
and most of the illustrations are drawn from experience at the worker 
level. 

V/ffie name "scientific management" was agreed upon at a meetings of 
a group of management people in the apartment of H. L. Gantt in Nfasv 
York City. Taylor was not present at this meeting, but he readily 
adopted the name. 9 His next book was called Scientific Management . 
His explanation of the name of the system is as follows: \ 


The development of a science . . . involves the establishment of many rules, 
laws, and formulae which replace the judgment of the individual workman and 
which can be effectively used only after having been systematically recorded, in- 
dexed, etc. ... All of the planning which under the old system was done by the 
workman, as a result of his personal experience, must of necessity be done by 
the management in accordance with the laws of the science . 10 



•«/ 

Management as a Science. Science is defined as a branch 
study which is concerned with an organized body of demonstrated 
or facts systematically classified in relation to general lawg^/A j 
also implies trustworthy methods of research for the discovery 
truths within its usual scope of interest. On both of these gi 
Taylor believed that his system qualified as a science. He regac 
system as more than a collection of techniques or proceduj 
time study, wage incentives, and the planning of the flow oj 
significant, in his opinion, was the spirit of inquiry, the < 
facts and principles of work, and the dassfication of dat 
Although the break with traditional or conventional me 
agement represented a distinct advance, the principles of : 
can hardly be said to have the exactness of natural laws, 
of work that can reasonably be expected of an individual einaot be 
determined with the same degree of accuracy as the output lif A ma- 
chine. While sdentific management attempted to select for each hide 
the person best suited to do the work, the results were affecte 
important factors as the age of the worker, his strength or phy 

*Jm Albert Lep«wsky, op. tit., p. 122. 

“Teylor, Scientific Management^ p. }7. 
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dition, the hours of work, his motivation or willingness to co-operate, 
social pressures within the plant, and the attitude of the union. 
^Management has never been able to devise a scientific formula for 
paying wages that are "fait” for paying a bonus for the co-operation 
of the worker, or for dividing the increased production resulting from 
better management methods between workers, management, stock- 
holders, and customers. Although the principle that such savings should 
be divided is generally accepted, the basis of the division is determined 
in part by collective bargaining. No final solution can be reached be- 
cause conditions change so much from year to year. 

Henry L. Gantt. One of the associates of Taylor at the Midvale 
Steel Company and also at tke'Bethlehem Steel Company was Henry 
Laurence Gantt (1861-1919). Gantt joined the group in 1887 for the 
purpose of working out solutions to certain formulas that were used to 
determine the proper method of cutting metal. He worked with several 
other companies after 1901 in introducing the methods and principles 
of scientific management. He regarded his original contributions to 
management as less significant than his work of introducing the new 
system. As he said, "We have today so much undigested and unutilized 
knowledge that I am inclined to think that the man who shows us how 
to use it satisfactorily is quite as important as he who discovers it.” 


Gantt differed from Taylor in his emphasis upon leadership and 

t on. He placed less reliance upon financial incentives. His atti- 
dearly expressed in the following statement: 

eneral policy of the past has been to drive, but the era of force must give 
at of knowledge, and the policy of the future will be to teach and to lead, 
vantage of all concerned. . . . People learn but little from what they are 
ttridffi ilSae y readily imitate what appeals to them. If, therefore, a man would be 
t l e ft d aiffi B piust know thoroughly the people whom he would lead, and be able 
to ib£lg|j&tations in such a manner that he will not only be understood but 
thorougaiSUhreciated by his followers. 


Twentj^fcrs ago the financier thought he had found a panacea for most of the 
evils which the new development began to show, in his combination of industrial 


plants into large organizations. . . . But the most important problems, those con- 
cetmng tfie relationship of employer to employee, have not been solved any better 
by thc large corporation than by the individual employer. In fact the larger cor- 
.-pseation-.aeems in many cases to have accentuated the troubles which had arisen . 11 


tfesgjris probably best known for the development of a chart for the 

L. Gantt, Industrial Leadership (New Haven: Yale University Press, 1916), 
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control of production schedules, which were a part of the Taylor system. 
Although the principles of the planning and scheduling of work were 
simple, the planning was complicated by the large amount of detail, 
the difficulty of comparing performance with the original plan, and the 
necessity for revising the schedules because of delays and interruptions. 
Gantt designed a chart that would show the work that had been per- 
formed and the work remaining to be done. On this chart, which is now 
widely used for a variety of purposes, the lines are always drawn hori- 
zontally, never vertically. The spaces on the horizontal scale represent 
the months or weeks and the quantity planned for sales, production, 
orders to be received from customers, or other data. The actual date 
are recorded on the same chart in a heavier line, and the chart re 
brought up to date from time to time. The planned and the actual dat^ 
are shown for comparative purposes in such a manner that management^ 
can easily compare plans with accomplishment. 12 

Gantt was much interested in cost accounting, which in his day was 
not very far advanced. The methods of scientific management were 
designed to reduce labor cost but would be ineffective unless total cost 
could be reduced. Because cost might be computed in any one of sev- 
eral ways, Gantt assisted in the development of procedures and tech- 
niques for determining cost. Materials and labor cost computations in- 
volved a minimum of difficulty, and the principal question was the de- 
termination of the proper amount of manufacturing expenses tgjn- 
dude in the cost. When the plant stands idle a part of the timeS&i is 
used to only part of its capacity, the question of how much expense to 
include as cost of the product is not easily determined. To illustrate, 
suppose that the plant operates for seven months of the year and is 
closed down for the other five months because of a lack pt. orders. 
Gantt argued that the cost of the product manufactured storing the 
seven months should include only the expenses incurred String that 
time and that the fixed expenses incurred during the five months of sus- 
pension, such as property taxes, insurance, depredation, and mainte- 
nance, should be charged to idle time rather than to the cost of the 
product. This theory is now generally accepted by cost accountants. 

Gantt also is well known for his development of a new method of 
wage payment which is known as the "Gantt task and bonus plan,” Per- 
haps an important reason why this plan became so well known was that 
Taylor described it and spoke favorably of it in his writing. This {dan 
provides for a guaranteed hourly wage but increases the pay by. 2? £ec » 

“The chart is described in Wallace Clark, The Gantt Chart (3d ed.; New York: Ronalds 
Press Ct>., 1942). For illustrations of the chart, see Chapter 34. 
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cent of the wage for the standard time at that point where the work 
is completed within the standard time. For example, if the wage is $2.00 
per hour and the standard time is 30 minutes, the worker is paid at the 
hourly rate if he takes more than 30 minutes for the task. If he does the 
work in 30 minutes, he is paid $1.00 plus a bonus of 25 cents. The 
total pay is $1.25, and the rate remains at this same amount for any 
performance of 30 minutes or less. In effect, the plan provides for an 
hourly rate for the worker who requires more than the standard time 
and a piece rate for the worker who can do the task in the standard 
time or less. It provides a substantial reward for the co-operation of the 
worker but protects him against serious penalty in case of failure. Be- 
cause of worker and union opposition, the Gantt plan of wage payment 
is not widely used. 

The Gilbreths. Frank Bunker Gilbreth (1868-1924) is best known 
for his work in motion study, fatigue study, and related phases of 
management. After his marriage to Lillian Moller in 1904, he was 
assisted by her. Mrs. Gilbreth became an outstanding authority in the 
field of management. 13 

Gilbreth’s interest in management began in 1885 when, at the age of 
seventeen, he accepted a job as an apprentice bricklayer. The employer 
placed him between two bricklayers who were to teach him as they 
worked. He immediately observed that the bricklayers taught different 
P^lpds. Much confused, he changed his position to work between two 
othe§&; and he was surprised to find that they used methods that were 
different from those of either of the first two. Moreover, he observed 
that the bricklayers did not themselves follow the methods which they 
had explained. In fact, each bricklayer used three sets of motions — one 
when he was working slowly, a second when he was working rapidly, 
and a third when he was teaching someone. Gilbreth reasoned that the 
motions could not all be correct; and since other workers used still dif- 
ferent motions, it was possible that no set of motions made by any 
worker Wasrbest. His investigations soon convinced him that every 
worker made some unnecessary and wasteful motions, 
f' Gilbreth first undertook to find out why so many motions were used. 14 
He found that the bricklayers did not think of their work as consisting 

" ■ $The fest treatment of the work of the Gilbreths is Edna Yost, Frank and Lillian Gil - 
^ Partners for Life (New Brunswick, N. J.: Rutgers University Press, 1949). An inter- 

§ estibg popular account is Frank B. Gilbreth, Jr., and Ernestine Gilbreth Carey, Cheaper by 
^bejpozen (New York: Thomas Y. Crowell Co., 1949). 

■^^.^xank B. Gilbreth and Lillian M. Gilbreth, Applied Motion Study (New York: Sturgis 
$S|£^raltoh Co., 1917). Also Frank B. Gilbreth, Bricklaying System (Chicago: M. C. Clark 
jjtshing Co., 1909). 
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of a series of morions or morion elements. Their emphasis was upon 
the quality of the work. They had been taught such things as the proper 
consistency of the mortar, the amount of mortar to spread on the wall, 
the way to break a brick, and the way to keep the wall plumb. The mo- 
tions made when the worker was working rapidly differed from those 
made when he was working slowly because of the difference in the ten- 
sion of the muscles and because of the effect of centrifugal force, inertia, 
and momentum. Gilbreth found that the motions made while the 
bricklayer was working rapidly were usually, the most efficient. 

Gilbreth found that one part of a task could not be perfected withciut 
standardizing the entire system of work. First, the scaffold on which tne 
bricklayer stood while working was changed to enable the helper to raise 
it without interfering with the progress of the work. He could do so by 
turning a crank. Then the scaffold was so constructed that the helper 
could walk on the side opposite the wall, and he could place bricks on a 
board which ran parallel to the platform on which the bricklayer stood. 
The bricks were properly positioned so that the bricklayer did not have 
to stoop to pick them up or turn them over to examine their edges for 
defects. The helper was also instructed to keep the mortar at the right 
consistency. Other improvements were the selection of the worker. 


standardization of the motions performed, and the training of the brick-, 
layer in the improved methods. Incentive methods of wage paTOgf^ 
were used to secure worker co-operation. JHL- 

The Gilbreths introduced the practice of taking motion picti|HH$f--- 
the worker as he performed his task. The pictures could be prdfli&d 
on the screen, rerun as many times as necessary, and stopped at any pttot 
for study. A clock which recorded time to fractions of . setjaa t-'-was 
shown in the picture. This device made possible an accuraflHpii; .on 
the timing of the operation. The picture machine was alsqaHKifid to 
show more frames per second. Still cameras were used to jjHppne ex- 
posures on a plate showing the path followed by the ha ^ffip '. jrite per- 
formance of the task. The path of the hand was recordeaSi'lhe plate 
by using a small electric light attached to the hand. The jjght was 
equipped with an interrupter to break the current. The result ^RW a line" 
of dashes on the plate, the length of the dashes indicating the Speed of 
the hand. After the methods had been improved and the worker hid 
been photographed while he was using the standard methods,:hmofian 
model was made. The morion model consisted of a wire whicaSaaS at- 

Vatfe***' <mrv, ■ i"' 

tached to a wooden platform. The course of the wire on th^Hfej^a^ 
model indicated the path of the hand of the worker. The model Sots.-'s 
also equipped with an upright cross-sectioned board at the back wh§ j§ |s 
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was used to indicate the height of the hand above the level of the bench 
or machine when the work was being done. The model was used to 
instruct workers in the proper way to do the task. 

Improvement of the motions performed at one task required attention 
to the operations at other work stations preceding and following any 
operation and to the methods of moving materials and work in process. 
The Gilbreths therefore studied the layout of the plant and the flow of 
work from one department to another for the purpose of eliminating 
unnecessary operations, combining and simplifying different tasks, re- 
ducing the distances required for the movement of materials, and per- 
fecting better methods of material handling. They originated the method 
of listing all operations performed in processing the material, including 
transportation, inspection, and storage. The list of operations and the 
incidental activities is called a "process chart.” This method of study- 
ing the flow of work for the purpose of introducing improvements has 
now received general acceptance. 18 

The Gilbreths made extensive studies for the purpose of eliminating 
unnecessary fatigue and providing ways for overcoming unavoidable 
fatigue. They devised improved footrests and chairs, comfortable shoes, 
and clothing which gave freedom of movement to the arms and other 


•arts of the body. They experimented with rest periods and provided 
fortable rest rooms. They improved the workplace to eliminate un- 
ry bending or twisting of the body, made provision for proper 
g conditions, and reduced fire and accident hazards. One pur- 
controlling accident hazards was to reduce fatigue by relieving 
ind of worry. To control fatigue, every phase of plant activity 
allied and brought under control. 

'.'i MK^ on of the Gilbreths and Taylor. In some respects, • the 
work^tlk. and Mrs. Gilbreth was similar to that of Taylor. Both 
worked 3 Ci?i^ffhods improvement and time study, fatigue, shorter hours 
of work, jjgggt ion of workers for the task, improvement in working con- 
ditions,- e$$*6ther such techniques. Both were primarily interested in 
'-What went on at the worker level rather than at management or execu- 


tive levels, although Gilbreth wrote a book called Field System which 
descnfocd the methods and organizational relationships as practiced in 
hisoffices. Both attempted to develop principles of management by 


-oliecVjB^n and experimentation. Both tried to interest others in the 
w Jn^Rf.s^sment and to disseminate information concerning its methods, 
g^ypa^ork of each person was also distinctive in several respects. Tay- 


of illustration of the process chart, see Figure 23, Chapter 11. 
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lor began his studies when he became a foreman and was therefore a 
part of management. Gilbreth began his experiments while he was an 
apprentice bricklayer. Taylor was primarily interested in time studies, 
and he became concerned with methods improvement principally be- 
cause such studies were a prerequisite to accurate work standards. The 
Gilbreths were principally interested in finding the best way to perform 
a task, and they used the stop watch to measure performance by differ- 
ent methods. Taylor emphasized soldiering and attempted to induce 
workers to follow a faster pace. The Gilbreths attempted to increase 
production by improving motions and by eliminating delays that welre 
attributable to various causes. \ 

Taylor alienated workers by his superior attitude and his autocratic 
approach. The Gilbreths were more successful in gaining worker co* 
operation. Taylor’s system encompassed broader phases of plant man- 
agement, while the Gilbreths developed intensively the more limited 
area of motion study and fatigue. Taylor did his experimentation largely 
in the metal industry, and he drew his illustrations principally from that 
field. The Gilbreths showed that the new methods could be successfully 
applied in such fields as building construction, concrete work, textile 
manufacture, lumber and paper production, home management, sur- 
gery, and merchandising. Taylor’s work was widely publicized because , 
he worked with a group of managers and experimenters. While ifa: 
and Mrs. Gilbreth wrote a number of books and articles, they 
more independently of others and were slower to receive recogni^n. 1 * 
Each of these three persons made significant contributions to manage- 
ment. 

Other Leaders in Management. In the present discussion, the 
work of four influential persons in management has been J^ftsidered. 
It should not be inferred that others did not make significant contribu- 
tions. 17 Carl G. Barth (1860-1939), who became an assistant to Taylor 
at the Bethlehem Steel Company in 1899, developed a formula for an 
easy solution of the problems arising because twelve variables affected 
the method of cutting steel. The formula made possible the application 
of the best method of steel cutting in the shop. He developed an im- 
proved slide rule for solving other problems in work methods and con- 
ducted valuable research in time study and the effects of fatigue. 

Sanford E. Thompson (1867-1949) worked with Taylor in his early 

M Their most significant publications have been reproduced in William R. Spriegel and 
Clark E. Myers, The Writings of the Gilbreths (Homewood, 111.: Richard D. Irwin, Inc., 
1953). - m .. 

” For brief biographical sketches of the work of many of the leaders in management, se£ 
The Golden Book of Management (London: Newman Neame, Ltd., 1956). 
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studies and applied the new techniques to work in the building industry. 
He made significant contributions to the development of time study. 
Horace K. Hathaway ( 1878-1944) worked with Taylor at the Bethle- 
hem Steel Company and then went to the Tabor Manufacturing Co. 
Later he became the vice president of the company. As a result of his 
work with this company, his system came to be regarded as a model 
in management methods. Harlow S. Person, who was for many years 
director of the department of business administration at Dartmouth 
College, took a conspicuous part in the development of the new tech- 
niques in industry. He made many contributions to the literature of 
management and became the first managing director of the Taylor 
Society. Harrington Emerson, a management consultant, is well known 
for his book The Twelve Principles of Efficiency, which was published 
in 1919. Morris Llewellen Cooke (1872-1960) served as a consultant 
and thereby encouraged the improvement of management methods in 
industry. He also demonstrated that the new methods could be adapted 
to other fields of activity. In 1910 he made a study of management 
methods in universities and prepared a report which indicated many 
areas where improvements could be made. 18 From 1911 to 1915 he was 
director of public works for the city of Philadelphia, and a book which 
was published by him in 1918 drew attention to the wasteful manage- 
ment- of city government. 19 In various other ways, the scope of the 
aja iis^ ement movement was gradually widened. 

•^feen the management movement began to be popularized after 
191(L the leaders included Richard A. Feiss, general manager of Cloth- 
craft Shops; Ernest M. Hopkins, manager of the employment depart- 
ment p£. Curtis Publishing Company; Meyer Bloomfield, director of the 
Vocational Bureau of Boston; and Henry S. Dennison, treasurer of the 
Dennison .^Manufacturing Company. The work of some of these men 
will be referred to in later chapters. 


MANAGEMENT FROM 1910 TO 1920 


The year 1910 became a landmark in the development of manage- 
ment as a result of the publicity resulting from hearings before the In- 
terstate Commerce Commission in that year. Testifying before the Com- 
mission concerning an application for increases in freight rates, Louis D. 
Branded, later a member of the United States Supreme Court, presented 


;; .’‘ Morris L. Cooke, Academic and Industrial Efficiency (New York: Carnegie Foundation 
ftflt toe Advancement of Teaching, Bulletin No. 5, 1910). 

-vftSjB Morris L Cooke, Our Cities Awake, (Garden City: Doubleday, Page & Co, 1918). 
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much data in support of the argument that the railroads would not need 
the increases if they would adopt the new principles of management. 
Harrington Emerson, who had done some pioneering work in manage- 
ment with the Santa Fe Railroad Company, estimated that the railroads 
could reduce their operating expenses by $1,000,000 per day if they 
would eliminate waste in materials and labor. 20 The hearings were 
widely publicized at the time. Taylor’s Scientific Management appeared 
shortly thereafter, first in a popular magazine by installments and later 
(1911) in book form. Widespread interest was immediately manifest. 

Adaptation of the New Methods. In the United States prior to 
World War I, the number of companies using scientific management 
methods was not large; and most companies using the system adopted 
only certain parts of it. Writing in 1916, Robert F. Hoxie estimated 
that not more than two hundred shops scattered through various indus- 
tries and in various sections of the country were using scientific manage- 
ment. 21 He believed that relatively few of the companies using the sys- 
tem would be regarded by the followers of Taylor as valid examples of 
the new system. Hoxie, who was by no means an advocate of the new 
methods, declared that the significance of the movement could not be 
measured by the number of shops using the system, for he found that 
its principles and methods were permeating the whole business world.. 
This appraisal seems to have been correct. In a report prepared for 
International Management Congress in 1938, Henry S. Dennison 
man) stated that many of the original techniques were used d 
most of the well-established plants in America. 22 The methods 
included time study, planning, scheduling, inventory control, andi^e 
manner of organizing the departments or divisions of the bugap§fey 

Employment departments began to be established in a fevdHH||§&ies 
about 1911. In that year, an employment managers’ assg^^^PWas 
organized at Boston. 28 Its purpose was the discussion of iHp|fs and 
problems arising in the selection of workers at the empl ajp tjt office. 
However, many companies were slow to take away from iRpioreman 
the right to hire and fire. The following statement was mad^fH a sym- 
posium on management methods in 1919: ’ *£■.. . 

£ - i’. 

The best selection method from all standpoints is to let the applicants "sell 
themse lves” by direct personal appeal to the foreman under whom thajp'anr-l© 


" Henry S. Dennison et el., "History of Scientific Management in America,*' 
Bngineriag, Vol. LXI (1939), pp. 671-75. 

* Robert F. Hoxie, Scientific Management and Labor (New York: 

1917), p. 296. 

"Dennison, op. cil., p. 672. ’ 

* Meyer Bloomfield, "The Aim and Work of Employment Managers’ Associations,” 
eais of the American Academy of Political and Social Science, Vol. LXV ( 1916) , pp. 7) 
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work. Let him take them on trial. A well trained, responsible foreman will keep 
the ones he wants and will know how to direct the others into the arms of one of 
his fellow-foremen, or out through the front gate of the plant, as may be best 
for all concerned. . . . Select your workers by the ordinary common sense method 
of clean cut, personal contact between the man who will rank above the ap- 
plicant and the applicant himself. 24 


Even where employment departments had been established, selection 
in the days preceding World War I was often made on the basis of 
palmistry, phrenology, hunches, general impressions, and other unrelia- 
ble methods. 


Use of Management Consultants. Frederick W. Taylor was con- 
sultant in management for several companies during the years 1890-98. 
Gantt and other associates of Taylor advised with various companies 
on their management problems at a later date, and the Gilbreths did 
much consulting work after 1911. Both Taylor and Gilbreth worked 
at the plant level on production planning, plant layout, worker in- 
centives, inventory control, and other such problems. Gilbreth extended 
the work of the consultant to include office management. Immediately 
after World War I consultant firms began to advise managements on 
their personnel problems in the areas of interviewing and testing, train- 
ing, and merit rating. The scope of the work of the consultant has since 
further enlarged until at present management may seek and obtain 
^ on any of the major problems of administration, including market 


^^^duct research, public relations, budgeting, system building, organ- 
planning, and financing. Many firms provide a variety of serv- 
fefl^while others limit their work to one or a few areas of business prob- 
leml^^lany consulting firms are nationwide or international in their 

S ant can often render valuable services to management be- 
tached position. He can look at problems from the point 
company as a whole rather than a single department. He 
study management problems because he is not subject to 
the pressure of routine duties. In many cases, he can obtain more infor- 
mation #>out the attitudes and opinions of employees and management 
personnel than would be available to a member of the company. His 
work wkh many companies equips him with a varied experience and 
assists him in advising with managements. For these reasons, consultants 
hij^irtiSsted in improving management methods and techniques. 
^Sodoty for Discussion of Management Problems. Until 1910 


ISS?* jimes M. Boyle, "The Selection, Discipline, Training, and Placing of Workers," An- 
Rt of the American Academy of Political and Social Science , Vol. LXXXIII (1919), 
3 & 3 . 
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search, methods of moving and handling materials, design of product to 
suit the needs and the demands of consumers, budgeting, and laborsav- 
ing machinery. However, in recent years the contributions of individuals 
are not easily distinguished because so many persons have participated in 
the developments. Studies in management methods have been made by 
private corporations, professional societies, university and college teach- 
ers, business consultants, and various agencies of the government. Sev- 
eral magazines now regularly discuss management subjects, and infor- 
mation is made available in leaflets, pamphlets, books, and special re- 
search publications. For this reason the paragraphs which follow indi- 
cate principally the general trend. \ 

Emphasis on Engineering. The engineer has consistently made 
contributions to many phases of the management movement. The buildi 
ing is now regarded as a part of the equipment with which management 
works and not merely as a shelter for people and equipment. It has been 
steadily adapted to the well-being of employees. Machinery and equip- 
ment have been improved to lighten the burdens of workers, to permit 
better working conditions, to increase output, and to lower costs. Espe- 
cially in the field of materials-handling methods and in the design of 
equipment that requires less attention of workers, engineers have made 
sign ifican t contributions. Other improvements have been made in such 
areas as the reduction of waste, the utilization of what would othe 
become scrap and waste, plant layout, and manufacturing pr<^^^ 
Following the suggestions made by Henry R. Towne in 1885jB|p$ 
engineers have added to their technical training an understand*®®* 
communication, human relations, organization, and other requireffists 
of the executive. • 

Changing Attitude toward the Worker. In an e ffodd£fi|pi$w 
the gulf which had admittedly come to exist between topJH^phuent 
and employees, many companies undertook extensive in mlc&M i&as ■ of 
their labor problems. Typical of the new point of vievjj^^yhiting 
Williams, who gave up his position as personnel directMpf the Hytf? 
draulic Pressed Steel Company to live among workers. ’ nSeping h$jp 
identity a secret, he lived and worked with day laborers in flcill mills* 
coal mines, and factories. He described his experience and hljinbsetva- 
tions in a book entitled What’s on the Worker’s Mind, puhitelicd *n 
1920. 28 Williams declared that it was impossible to under^&adibe 


"Published by Charles Scribner's Sons, New York, later 'Whiting WilUim «S 
similar study of conditions in western Europe published under the title Horny 
Hampered Elbows; The Worker’s Mind in Western Europe (New York: Charles 
Sons, 1922), ’ 
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problems of the worker without seeing the world through the eyes of 
the man to whom the daily job means daily bread and daily hope. He 
described the feelings of the porker who stood before the factory gates 
in the cold of a February morning, the heartsick dejection of the worker 
who was looking for a job, the demoralizing loss of standing as a man, 
and the paralyzing fear of the bread line which filled the mind and soul 
of the man who had no job and no hope of finding one. Williams found 
that three things were uppermost in the mind of the worker: first, the 
security of the job, which meant his daily bread; second, fatigue, which 
resulted in a constant effort to stretch out the work and to make it .last; 
and third, uncertainty as to the future plans and purposes of the em- 
ployer. The observations which a person would make under similar cir- 
cumstances at the present time would probably be different, particularly 
because hours of work have been shortened and machines have light- 
ened the manual labor required of workers. The investigation made by 
Williams is significant in indicating the growing recognition of the 
importance of personnel problems and a new spirit of inquiry. 

The effort to discover facts as a basis for personnel policy was mani- 
fest in elaborate studies made by the Western Electric Company in co- 
operation with the National Research Council and a group of psycholo- 
fe gists and technicians. In 1924 the company began to experiment to de- 

B ’ne the effect of changes in illumination upon production and fa- 
IjThe scope of the inquiry was broadened in 1927 to include many 
phases of production and also of personnel. At its plant in Cicero, 
Sggipirb of Chicago, the company tried out the effect upon production 
afafcanees in the hours of work, the introduction of rest periods of 
Vat yat a length and at varying intervals, the providing of refreshments 
at n^l^feds, and other such changes. At times the workers were told 
that tfti ’ p jfjj ' iu ld be given more illumination or less illumination when 
one KjMSPllb was replaced by another of the same wattage. The pe- 
culiar faiiifof the research was that two groups of workers were used 
,in the exg|££ments. Conditions were changed for one group, called the 
^experifiSijfltal group,” and were kept unchanged for the other group, 
'^called "control group.” The experiments, usually referred to as the 
"Hawthorne experiments” from the name of the plant, revealed that 
tbema^ations in the methods in work caused relatively little variatipn 
in the production rate as between the experimental group and the con- 
trofgroup but that both groups substantially increased production. The 
;CQqjpias§bn was that illumination, rest periods, midmoming or midafter- 
iTkQQnjxefreshments, and other conditions of work are not the only un- 
it factors in worker performance but that attitude is equally im- 
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portant. Slight variations in working conditions are important only to the 
extent that they indicate that the management is interested in the welfare 
of the worker and that they succeed in gaining his co-operation. The 
workers in the Hawthorne experiments were willing to co-operate be- 
cause they were the center of attention from top management and from 
the persons in charge of the experiments, because they were made to 
feel important, because they believed that increased production was to 
their personal advantage, and because they themselves were interested 
in the experiment. Production increased in the control group because the 
workers in that group wanted to show that they were as good as those 
in the experimental group. 27 In both cases, the human element was the 
controlling factor. The Hawthorne experiments, like the studies or 
Whiting Williams, are significant both because of the factual knowl\ 
edge of worker feelings and attitudes and because of the new method 
of approach to personnel problems which they represented. 

Growth of Unions. The decade of the 1920’s was marked by the 
growth of the company union, a labor organization in which membership 
was restricted to the employees of one company. The union was usually 
formed as a result of the suggestion and encouragement of manage- 
ment. It provided sick or other benefits for the members to which the 
company made a financial contribution. Joint relations between the 
company and its employees concerning wage rates, hours, conditions.^?? 
work, employee grievances, and other personnel problems were^fe*' 
ducted between the management and the officers of the union. Company 
unions of this type are not permitted now by federal law. The National 
Labor Relations Act of 1935, sometimes called the Wagner Act, made it 
an unfair practice for the employer to dominate a labor union arte in- 
terfere with the unionization of its employees. The same pmfc&ion was 
included in the Labor Management Relations Act of 1947. ill&eans that 
a company cannot contribute financial or other support to a union. The 
establishment of company unions was a part of the grotijaitg desire of 
managements to learn of the grievances of the workers an<f|o give them 
a voice in matters closely concerning themselves. It also reflected an at- ; 
tempt to head off the unionization of workers by outside unions. 

After the enactment of the National Industrial Recovery Act in 1933 
and the National Labor Relations Act in 1935, membership in nationa l 

" The Hawthorne experiments are described in National Research Council, Fatigue of 
Workers in Its Relation to Industrial Production (New York: Reinhold Publishing Cerp,, <4 
lWl) ; Elton Mayo, The Human Problems of an Industrial Civilization (New Y«k"ifsc-,£? 
milllan Co., 1935) '; F. J. Roethlisberger, Management and Morale (Cambridge, Mass.: JJaiwX. 
wd University Press, 1941) ; F. J. Roethlisberger and W. J. Dickson, Management and^ike^j 
Worker (Cambridge, Mass.: Harvard University Press, 1939). ' 
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and independent unions increased rapidly. This development was sig- 
nificant for management in that many companies which had not previ- 
ously bargained collectively with their workers were now compelled to 
do so. Equally significant, however, was the fact that the unions de- 
manded a voice in decisions which managements had previously thought 
were their own prerogatives. Union contracts contained clauses relating 
not only to wages and hours but also to promotions, layoffs, spreading 
of work during slack periods, methods of handling grievances, the in- 
troduction of laborsaving machinery and other technological improve- 
ments, motion and time study, and accident prevention. 

Legislation Affecting Management The requirement that man- 
agements do certain things in the interest of the health or safety of their 
workers is not a recent development. Many years ago the states estab- 
lished maximum hours of work and minimum wages for certain indus- 
tries. The railroads, for example, have been required to grant relief for 
trainmen after a limited number of hours of work or after the train has 
moved a stated number of miles. However, the trend toward the regula- 
tion of industry by government was sharply accelerated after 1933. Some 
of the more significant federal laws relating to personnel relations are: 

'ivSc; Serial Security Act of 1935, which provides for old-age and survivors* benefits 
ilS-.unemployment compensation. This law was amended to increase the bene- 
extend the coverage in 1939 and again in 1950, 1952, and 1956. 

TR^tsh-Healy Act of 1936, which provides minimum wages and maximum 
hou ti 4nd prohibits child labor for work on government contracts of more than 
♦ 10 * 000 . 

Fair, Labor Standards Act of 1938, which provides minimum wages and maxi- 
mum ho^MS and regulates child labor in industries in interstate commerce. Both 
the Walsh-Healy Act and the Fair Labor Standards Act permit labor in excess of 
the hours specified, provided overtime payment is made. 

Labor Management Relations Act of 1947 (Taft-Hartlcy Law), which regu- 
lates certain phases of the relations of management and labor. 

Landrum-Gthfin Act of 1959, which establishes numerous detailed require- 
ments for the management of labor unions and their relations with management 
in an effort to correct abuses in the labor-management field. 

Management at the Higher Levels. In the United States, the 
early attention to management problems was confined largely to prob- 
lems of plant organization and management, with particular reference 
ktO'fl^e Workplace and the motivation of the worker. However, Frank B. 
giSEbredi published a description of his general organization in 1904 in 
called Field System, and Gantt was interested in such problems 

$£»e growth and development of executives, leadership in industry, 
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democratic methods throughout the organization, and cost control in its 
relation to selling prices. Probably the most significant early contribution 
to management and administration at the higher levels was made by 
Henri Fayol, a French mining engineer and business executive. Fayol, 
like Henry R. Towne in the United States, recognized the need for de- 
veloping executives in the use of administrative techniques and skills 
as distinguished from the technical phases of mining or manufacturing. 
His ideas were set forth in papers which he read before mining engineer- 
ing societies in 1900 and 1908. They were summarized in a small bbok 
in 1916, which was called General and Industrial Management . M Faybl's 
discussion was brief and concise, but he stated his principles in general 
terms with a minimum of reference to mining companies. His classifica- 
tion of the elements of management as planning, organizing, command- 
ing, co-ordinating, and controlling constituted a particularly significant 
contribution. 


In the United States during recent years, an increasing amount of re- 
search has been devoted to the problems of administration and man- 
agement at the higher levels. Attention has been directed to policy 
formulation and administration, the growth and development of execu- 
tives, profit-sharing and bonus plans, the employment of assistants for 
the performance of staff functions, cost and budgetary control, prod 
research, market research, and many other such problems. 


Adaptation to Change. Perhaps management has always 
adaptation to change to be a major requirement, and risk is reco, 
an inherent element in every managerial undertaking. Howev< 
rapidity of change and the extent of the risks appear to have in a^Sm S. 
since the decade of the 1930’s. During the New Deal era mnrh 
affecting business was enacted. Labor unions increased 
and power. The government became an important purchaynpliil^ '6? 
the products of industry. Business has been required toa pj Ere pro- 
grams to changes from peace to war conditions with its vjjHp|§ad price 
control and other problems. After the war business maiSpiteht was 
affected by numerous developments, such as increasing mechanization, 
increasing population, shifts in age groups, payroll and appr; taxes,' • 
greater application of science to industrial processes, the grea^blnenace 
of international communism, and the remarkable recovery oiS&du&lsy . 
in western Europe. In an economy such as that of the United 
dustry adapts to such changes under the direction of privatd$ftttfoiess*? 
management with a certain amount of assistance from the government.*} 


“This tide was given to ihe English translation as published by Sir Isaac PitouMt JtS 
Sons, Ltd., 1949. T 
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Preparation for Management. Business has been giving an in- 
creasing amount of attention to formal and informal programs for the 
growth and development of* executives or managers. Some such pro- 
grams are concerned with the methods or techniques that other busi- 
nesses have found to be successful, such as methods of supervision, 
morale building, discipline, safety and accident prevention, motion and 
time study, and the care and maintenance of plant and equipment. This 
type of program may be designated as training because it attempts to 
assist the manager in handling a specific problem or meeting a definite 
situation. 

A second type of program attempts to broaden the understanding of 
the manager in such fields as labor law, commodity prices, business 
cycles, channels of distribution, international relations, electronics, and 
business organization. This type of program is educational in nature. 

Some programs attempt to assist the manager in making decisions and 
in meeting new situations. Such programs assume a variety of forms, 
such as job rotation, a discussion of cases which describe business situa- 


tions requiring the making of decisions, participation in conferences at 
which current problems are considered, and the assumption of increased 
responsibility in making decisions. These programs do not attempt to 
;ive the manager a ready-made solution to his problems but are based 

* the recognition that the manager will be required to face ever- 
ing situations. 

^rations Research. During the decade of the 1950’s, renewed 
isis was placed upon the scientific approach to management prob- 
The new methods, which were given the name of operations re- 
SBijjl&gepresented a refinement and an extension of the best manage- 
MtfSMKfog ineering practices to include mathematical and statistical 
techttfe roBr hey sought to provide a way of taking into consideration 
all of iflS^Stous factors or forces affecting a problem and to provide 
a solutiba^K would be most economical or most profitable in the light 
of all of fflfevarious considerations. 

Operations research includes such work as fitting trend lines to sta- 
tastkal data, projecting trend lines to provide information as to future 
conditSi^’ converting data to percentages and averages, determining 
.*?et«gsS$nd standard deviation, determining the proper size of a sample 
fiobe inspected where complete inspection would be too costly, and esti- 
"(ffijiHlnipbr probable number of defective items in an entire lot on the 
|b«s».of sample inspection. 2 * Operations research may assist management 

*See Alexander Henderson and Robert Schlaifer, “Mathematical Programing,” Harvard 
raw* Review, Vol. XXXII, No. 3 (1954), pp. 73-100. 
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in handling such problems as the following, in addition to the problems 
previously mentioned: 

Determitdng the best plant layout where one arrangement of machines, work- 
places, passageways, and storage areas will afford certain economies and another 
arrangement will have other advantages. 

Determining the most economical quantity of materials to buy on one order 
when larger quantities will result in the increase of some costs and expenses and 
the decrease of other outlays. 

Determining the most economical quantity to manufacture on any one produc- 
tion order when all or a part of the product will be placed in the storeroom in 
anticipation of future orders. \ 

Dividing a production order among two or more machines for processing 
where several machines are available for similar work. \ 

Determining the most economical number of machines one worker can operate 
or supervise when additional machines per worker will increase the probable 
downtime of the machine but reduce the labor cost. 

The use of statistical and mathematical methods in the solution of 
managerial problems is sometimes called "mathematical programing.” 
Another name for the new method is "linear programing,” although 
this method is merely one phase of operations research. 

Operations research is not expected to reduce management to the„ ; 
point where decisions become automatic or mechanical. It merly affngffiF 
some additional summaries of facts which can be useful to managegsjwt.- 
In mathematical formulas, allowance cannot be made for certain.ISJan- 
gible factors, such as the attitudes of people or future changes in the 
situation. A decision may be sound only if allowances have been made 
for the future development of new products, shifts in the population in 
certain areas, changes in the price level, changes in the competitive sit- 
uation, and the like. Management will still be required to ^‘judgment 
and die results of experience in the making of decisions. .’?'" .... 

Although many people have regarded operations reseajSeii as a new 
technique, it really represents only an extension or an (Elaboration of 
methods long in use by some managements. In the 1880 ’s, Frederick W. 
Taylor and his associates used mathematical formulas in die solution of 
certain problems. One problem of particular importance to Taylor per- 
tained to the method of cutting metals under different conditions. He 
found that the best method depended upon the thickness of the metal, 
its hardness, die temperature of the material, the temperature of die tool 
used in cutting, the speed of the tool, and other factors. Solutions to this? 
problem were determined by means of a slide rule. Other management! 
people have used mathematical formulas in the solution of other ptolsJS! 
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lems. However, operations research represents a significant trend in 
management thinking and has made important contributions to manage- 
ment methods. 

Use of Machines for Data Processing. The increased use of 
factual data in the making of decisions has resulted in large part from 
the development of electronic tabulating and computing machines. These 
machines are available from several manufacturers and can be used in a 
variety of ways. However, all of them provide for three essential steps: 
input, storage and processing, and output. In the first step, data are put 
into the ma chi ne from a keyboard or by means of tabulating cards, 
magnetic tape, or other method. The information that is put into the ma- 
chine includes any data pertaining to the activities of the business, such as 
materials on hand, the unit price of materials purchased, and standard 
costs. The data can be put into the machine at great speed. In the second 
step, the machine stores the data by means of drums, cylinders, or cores; 
and it retains the information until it is required to reproduce it. The 
machine will accumulate, add, subtract, divide, and compute and record 
new balances, such as the balance owed by a customer or the balance of 
materials on hand. 

The output depends upon the type of machine and the data desired. 
.The machine may print the information on a tape or an invoice, record 
tQfeUsj or produce other types of reports. A principal advantage of such 
is that the information becomes immediately available. 

By ienabling businessmen to base decisions on factual information, 
tabulating and computing machines have reduced the area of opinion or 
judgment in decision making. The trend is toward increased reliance 
upon machines. 

: ■ ' ;; c:> QUESTIONS 


1. What principles of management may have been applied in the building 
of the pyramids ? 

2. In what respects are the problems of public undertakings such as con- 
struction similar to the problems of business management? In what respects are 
they different? 

3. What was the function of the philosophers as described by Adam Smith? 

; 4. Explain the meaning of work measurement. What is its significance in 


management? 

5, Show the importance of the standardization of the product to the manage- 
■fiaent of an enterprise. 

jj|. 6. Taylor relied in large part upon a piece rate as a means of gaining worker 
ion. In what respects might a piece rate fail to provide the proper 
ffitive? 
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7. What did Taylor mean by the statement that his system provided for a 
proper division of work between management and the men? 

8. Explain the limitations of the different names that were given to the new 
system. * 

9. Explain how a policy of leadership as advocated by Gantt would affect 
management methods. 

10. Compare and contrast the work of Taylor with that of the Gilbreths. 

11. How was the management movement affected by World War I? 

12. Does technological change affect management methods? Explain. 

13. How may electronic data processing affect management methods? 


CASE 



1. PROPOSED STANDARDIZATION OF AUTOMOBILE DESIGN 

Wallace Clark, a well-known management consultant in the United States, 
went to France and other countries of western Europe in 1926 to advise with 
managements concerning their production problems. He worked with various 
companies in several countries until 1939 when the German armies invaded Po- 
land. One of his French clients was a large automobile manufacturer. Clark 
found that the manufacturer was in financial difficulties largely because he had 
failed to standardize the design of the car. The company had established a repu- 
tation for making a luxury automobile for a small group of customers of consid 
erable wealth. All cars were made to the specifications of the customer withj 
gard to such features as horsepower of the motor, length of wheel base, boj 
fender design, color, arrangement of instruments on the dashboard, and I 
color of upholstery. As a car was being built, the customer might inspe 
change the specifications as suited his preferences. In many cases, the 
were extensive. The manufacturer himself frequently suggested changes 
he prided himself on his artistic ability. 

Clark advised the manufacturer that he should adopt a standard 
beginning of the year and make all cars in accordance with the st; 
less of customer preferences. He might make provision for a fe 
or three body styles, but these variations would be included in| 
signs. The only changes that should be introduced during the ; 

Clark, would be made for the purpose of eliminating mechafi 
were found to exist in the original design. The practice of makin^P&JNpcording 
to the order of the customer should be discontinued as soon as a sSjpdard could 
be perfected, specifications stated, and production lines set up. - 

The standardization of the product would make possible varf^|f, givings. 
Layout of the plant could be built around the processes necessary to tfejS^anufac- 
ture of the standard design. The parts could be manufactured on line&^f feeder 
machines or made in advance of final assembly and stored at the prq|Rtr |daces 
along the assembly line. The inventory of raw materials and parts r :&OT^i,:W 
standardized and the investment in inventory would be reduced. The 
rupted flow of the product ^long the assembly line would reduce the value 
inventory of work in process. The degree of skill required of wnrk<»r« ar»r? &£££»; 
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men would be reduced because each worker would be required to perform only 
one simple operation. Processes formerly performed by manual labor could be 
mechanized. Workers would derive more personal satisfaction from their work 
because they would always have tHe proper machines and tools for each task and 
they would not be required to rework a product where the work was done prop- 
erly in the first place. Production costs would be reduced to such an extent that 
wages could be increased, prices could be reduced, and profits would become 
satisfactory. 

The manufacturer refused to accept the advice of Wallace Gark. He said that 
the French people were too artistic and too individualistic to be satisfied with an 
automobile of standard design. The company continued to make automobiles ac- 
cording to the specifications of the customer, and it continued to lose money. 
Eventually, the plant converted to war production with the aid of a government 
subsidy. 80 

Questions: 

1. To what extent should an automobile company permit a customer to specify 
design? 

2. Why is the plan of individual design disadvantageous to the customer? 

3. What is necessary to the standardization of a product? 

* The experiences of Wallace Clark are described in Pearl Franklin Clark, Challenge of 
American Know-How (New York: Harper & Bros., 1948). 



CHAPTER 


2 Production 
Problems and 
Policies 

The objective of the management of production should be 
to produce the right goods and services of the right quality in the right 
varieties, with the right materials, machines, and labor. Management 
should also attempt to maintain the proper relations with customers, the 
government, financial institutions, and the public. Most companies 
tempt to produce at a cost that will enable them to sell the product-itr a 
fair price and to earn a reasonable profit. 

This summary of objectives may seem to leave most questiow .un- 
answered. However, each company should define or establish for itself 
the proper standard with respect to each of the aspects of the ^ork of 
production in the areas suggested. Such standards, whid&iB* called 
policies, serve as guides to the persons in the management*! planning, 
co-ordinating, and controlling the activities of persons various 
levels throughout the organization. The determination of policy requires 
that the problems in each area of management be defined^jtjhat the alter- 
natives or possible courses of action be compared, and that a decision be 
made to follow a certain course. The decision should be made known to 
subordinates through, the proper channels of communication, and con- 
trols should be established to see that the standard is being met or die 
policy is being followed. 

Any policies that are established should be stable but flexible. Stability ., 
is required in order that people may know what is required of diem and ;; 
what they are permitted to do. They can plan their own courses of action 
with the assurance that their actions will be approved by their supem^ 
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sors. Without policies, the activities of a group cannot be unified and 
directed toward the common objectives. Other requirements include or- 
ganizational relationships, portion descriptions, systems, and rules and 
regulations, all of which should be relatively stable. 

Flexibility is required because the economic and industrial organiza- 
tion is constantly changing. Although the economic system has never 
possessed the attribute of certainty, the rate of change has been accel- 
erated in recent years, particularly since the close of World War II. 
Changes are constantly demanding the attention of business management 
in such areas as media of communication, mechanization, foreign trade, 
and prices of individual commodities, as well as the price level, labor re- 
lations, and manufacturing processes. Flexibility has become as neces- 
sary to success as stability. 

Changes are made within the company from time to time as a result 
of management changes. When a new executive joins the organization 
or persons within the organization are promoted to higher positions, 
changes in policies and methods may be expected. However, the changes 
are often made gradually in order that subordinates may not be unduly 
disturbed or alarmed and that orderly processes may continue to func- 
tion. Such changes are introduced while the business continues to pro- 
duce and sell goods to customers and to maintain the usual relationships 

persons outside the company. At times, however, the position of a 
jdaqp>any may deteriorate to such an extent that rapid changes become 
ti^ibary. The two methods are described as evolutionary changes and 
the-earthquake approach/* 

In the present chapter, some of the areas in which policies should be 
established for the guidance of persons in the production division will 
be briefly discussed. No attempt will be made to prescribe a set of basic 
policies b£i:ause different policies are required by each company whose 
situation differs from others; and for any one company, changes will be 
made as the circumstances require. Some important problems demand- 
ing attention will be briefly considered. Most of these problems are con- 
sidered at greater length in later chapters. 

SOME PROBLEMS OF ORGANIZATION 

Organization constitutes the plan for the assignment of duties and 
a responsibilities to the various positions within the enterprise and the 
delegation of authority to people who are placed in the positions. The 
vTdtitkis and relationships indicate to each member what is expected of 
r him, the extent of his authority, the persons who are responsible to him, 
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and the associates with whom he is to work. Methods and policies o£ 
organization are therefore of vital importance to each person. 

Organization of the Board of Directors. The organization of a 
company is usually assumed to start with the board of directors because 
the stockholders are regarded as legal owners or investors rather than 
an active force in administration. The board is described as an outside 
board if a majority of its members come from outside the company and 
hold no other position in the organization. It is said to be an inside 
board if all or a majority of the members hold 'positions as officers of. the 
company. The outside board has the advantage of providing a general 
or balanced point of view, and it may afford a better protection of the 
interests of stockholders and bondholders. In other words, it may qn- 
phasize the trustee function. The inside board is composed of persons 
who are well informed about the problems of the industry and the in- 
dividual company, and it is therefore more likely to emphasize the man- 
agerial function. 

The board of directors does not usually undertake to supervise com- 
pany activities but limits itself to the giving of advice, the adoption of 
the financial plan as stated in the budget, approving plans for expansion 
or merger, and reviewing results as reflected in the financial statements. 
When the situation requires such action, the board may select a new* 
president, and it may request the resignation of a president. For s<jjg^| 
stockholders, the declaration of dividends constitutes the major fi 
of the board. 

In some companies, the board of directors does much of its^B^ 
through committees. An executive committee may advise with th ejBB » 
dent and otherwise act for the board between meetings. OthftMgngfeit • 
tees may handle problems of finance, pensions, labor rdsH^tad 
bonus plans. The actions of a committee are subject to apd|H|% the 
board. In each case, the board and its committees deal witmHnBJfl fath- 
er than detailed problems. However, the effects of the the 

board are reflected in the work of people at all levels throa |pi fit the or- 
ganization. 

Flat or Stoop Organization. With a given number of employees 
at the work level, a company may assign a large number of*jiBiployees 
to each supervisor; and if it does so, it is said to have a widespan of 
control. The organization is described as flat because a relatively small 
number of levels of supervision is required from bottom to toffc If the 
company assigns a smaller number of employees to each supervisor, it is, : 
said to have a narrow span of control, and the organization is desctibodri 
as steep. 
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In a flat organization structure, the supervisors can give less time 
and attention to each subordinate than would be possible in a steep 
organization. The supervisor^ required to leave each person to work 
out many problems for himself. Although the span of control may 
vary with the level of the organization, the trend is toward a wide span 
of control. 

Extent of Delegation. A closely related problem pertains to the 
extent to which the executives and supervisors at the intermediate and 
lower levels are to be permitted to make decisions in matters affecting 
them.and their work. At one extreme is a plan which is called '’bottom- 
up management.’ * This plan allows executives at the lower levels to make 
many decisions within the limits of company objectives and policies with 
only that degree of supervision which may be necessary to protect the 
company from serious loss due to mistaken judgment. At the other ex- 
treme is the plan of ‘‘benevolent autocracy/’ which requires that most 
important decisions be made by the top executives. The term implies that 
top executives will make decisions in the interest of the company and its 
members rather than their own personal interests. A third plan would 
require that all important decisions be made by top executives but pro- 
vides a procedure for consultation with subordinates and for the trans- 
amission of their ideas and suggestions to their supervisors. 

^Development of Staff. Business problems have become more and 
^complex as a result of increasing mechanization, the application 
ice to methods of production and research, the wider extent of 
ets, the growing importance of governmental activity, and other 
pments. The chief executive and other top executives have been 
Jto deal with a wide variety of problems in the technical, the 
|ions, and the organizational fields. New problems of exter- 
tiips have also arisen. To deal with such problems, the exec- 
prsons to conduct research and to render advice. Such serv- 
idered by staff personnel within the company or by con- 
are called in from the outside. Many companies, both large 
iploy outside consultants on a per diem or fee basis, and all 
companies include some persons in their organization whose work can 
fee d^S^fed as largely advisory. 



nail 
utives 
ices 
sultants 
and 


PROBLEMS OF PHYSICAL EQUIPMENT 

p. Jttough conditions have been changing rapidly in the area of phys- 
ical facilities, management needs to establish policies and methods of 
Stealing with such problems in order that people may work together 
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effectively. Any decision in regard to physical equipment requires peri- 
odical review. 

The Problem of Size. The management of each company decides 
how large it wants the company to become. Size is measured by the num- 
ber of plants or sales branches, the amount of the dollar investment in 
plant and equipment, the number of units of product made and sold, the 
number of people in the organization, and the dollar amount of sales. 
The growth of a company may be limited by the lack of good managers, 
the territorial extent of the market, or the funds available to the com- 
pany. 

As the company increases in size, as measured by the number of em- \ 
ployees, it is required to increase the number of levels in the organiza- \ 
tion or to widen the span of control. Problems of supervision, communi- ' 
cation, and co-ordination are increased. New and improved methods of 
reviewing and controlling activities are required, and the management 
must place increased dependence upon written and oral reports, statistics, 
cost analyses, expense schedules, budgetary control, profit and loss state- 
ments, and other financial reports. Some executives find that the 
planning and controlling of production becomes more difficult when 
more of the work must be accomplished through the services of other 
persons. 

If a company limits its size and the scope of its activities, the manage^ ; ; 
ment must decide what plan will be followed when the demand for-J^- - 1 
product exceeds the capacity of the company to produce. Any ohfcrjef 
several plans may be adopted. Production might be increased dutfiig 
the dull season to produce for stock, which could be drawn upon to. meet 
the greater demands of the busy season. Orders beyond current, capacity 
might be accepted during the busy season and scheduled for production 
and delivery at a later date. Contracts for the purchase ofAdditional 
quantities of the product might be negotiated with other manufacturers 
who would produce additional supplies. The company might decline to 
accept additional orders during the busy season, or it might refer its 
customers to other sources of supply. Still other plans might be fol- 
lowed. 

If plant facilities and personnel are increased to meet the maximum 
seasonal and cyclical demands, the company will have excess capacity 
and unneeded personnel during the slack season. Additional costs for 
idle equipment will have to be absorbed, and some plan for handling 
the personnel problems will be necessary. If size is increased to meet 
the greater demand for the product, the company will be required to 
increase the management personnel, the size or number of buildings, the 
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extent of borrowing or other financial activities, and other aspects of 
management. It should maintain a balance between physical equipment, 
personnel, organization, finance, and customer relations. Decisions in 
each area should be made with reference to other problems. 

Number of Plants. As the production facilities increase and the 
market expands, larger numbers of workers are employed and additional 
plants may be built or otherwise acquired. Several plants might be 
operated if a different line of products can be made in each plant. Raw 
materials may be bulky and require processing near the source of supply. 
In some cases customers can best be served from a plant that is located 
near them. Labor conditions may be better in several plants in small 
communities than in one large plant in an industrial area. The decision 
to operate one plant or several plants is basic to the planning of produc- 
tion. 


PROBLEM OF THE PRODUCT LINE 

A major problem of a business pertains to the development of the 
product line. This problem requires constant attention because far-reach- 
ing changes can come quickly as a result of the introduction of new 
materials, new electronic devices, new types of synthetic fibers, new types 
of weapons for national defense, and various other innovations. Bc- 
"tause the changes can be rapid, the present discussion can only indicate 
Si^e of the areas requiring attention. 

Question of Leadership. A company may seek to become a leader 
in industry by developing and introducing new products and new ma- 
terials. Leadership may require an extensive program of research in an 
effort fd discover new scientific principles or to find practical applica- 
tions of principles that are already known. The attempt to lead involves 
considerable risk because the results of a project may not be known for 
many months or years. Although some projects will fail to produce a 
profitable product, a research program may be worth its cost if the pro- 
gram as a whole results in a sufficient number of new and profitable 
products. 

If the company decides not to attempt to become a leader, it may use 
the accepted methods and products and seek merely to distinguish its 
product by varying the style, the container, or other feature. In some 
lines of product, a company may contract with another company to make 
^ certain parts according to specifications prescribed by the principal man- 
ufacturer. Either the attempt to lead or the plan to follow may be profit- 
* able under certain circumstances. 
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effectively. Any decision in regard to physical equipment requires peri- 
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market expands, larger numbers of workers are employed and additional 
plants may be built or otherwise acquired. Several plants might be 
operated if a different line of products can be made in each plant. Raw 
materials may be bulky and require processing near the source of supply. 
In some cases customers can best be served from a plant that is located 
near them. Labor conditions may be better in several plants in small 
communities than in one large plant in an industrial area. The decision 
to operate one plant or several plants is basic to the planning of produc- 
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Question of Buy or Make. Each manufacturer must determine the 
extent to which it will make parts or materials and the extent of its 
purchasing program. Although every company will probably buy some 
of its materials and supplies, some buy a larger percentage than others. 
A company may make some materials of a certain variety and buy addi- 
tional supplies of the same kind of materials to meet peak requirements. 
A shirt manufacturer, for example, may make a percentage of the cloth 
used for making shirts and purchase the remainder. The manufacturer 
might purchase all of its buttons, thread, stationery, repair parts for ma- 
chines, and other supplies. \ 

One reason a manufacturer might purchase the parts or the materials 
is that the machines used in production and the manufacturing method^ 
differ from methods of manufacturing the main product. The volume 
of parts and materials may not be sufficiently large to justify the installa- 
tion of the equipment needed. An expansion of facilities and personnel 
at one stage of production might result in a lack of balance with facili- 
ties and personnel at other stages. Expansion also creates problems of 
financing, organization structure, size of plant, and planning and con- 
trolling. 

Several reasons may be advanced in favor of making some or all of 


the parts needed in production. In busy seasons, the manufacturer ma^ 
be unable to purchase the parts needed and to obtain prompt delivery^ 
meet an increase in demand. Quality may be more easily maintgHj 
when the principal manufacturer can directly control the quality ||||| 
materials and the manufacturing processes. If some parts are madi 
others are purchased, the manufacturer can more easily deter miaM^ lfe 
fair cost or purchase price of the parts that are bought on 
many cases the buying of all or some of the parts and matedBM p| ip30d 

Closely related to the policy to buy or make a part iafepaSicy of 
integration, which means the carrying of the materials tl»i§gb two or 
more stages of manufacture. Complete integration would i$|i$ that the 
materials are processed throughout all stages from raw ma^lals to fin- 
ished product. Sometimes integration is accomplished by read||ig back- 
ward in the manufacturing processes to acquire the plant oir^he com- 
pany in the earlier stages of production. For example, a cammaking 
company might purchase machinery and equipment to put the;coating 
of tin on the steel that it uses, or a fruit-packing company mig& pu*' 
chase machines for making the cans that it needs. Integration may aiso 
be accomplished by the purchase of equipment for processing the mm 
terial through later stages of production. A manufacturer may obtain 
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control of retail or wholesale establishments for the distribution and 
sale or the servicing of its products. 

Integration gives a company much the same advantages as the manu- 
facture of parts: an assured source of supply, better control of produc- 
tion schedules, more effective control of quality, and the elimination of 
sales and purchasing activities at the various stages of production. Sim- 
ilar disadvantages arise. The demands upon the management are in- 
creased, and balance may not be easily maintained at the different stages. 
Integration requires more financing and more attention to organizational 
problems. 

Horizontal and Allied Expansion. The management may decide 
to add additional product lines that are related to the present line be- 
cause they are made of the same raw materials, are manufactured by 
similar manufacturing processes, or can be made with the same ma- 
chines in their present location. In some cases the additional product 
lines are advertised through the same media, can be distributed through 
the same distributive facilities, or can be sold by the same sales organi- 


zation as the existing product line. Some product lines have been devel- 
oped because the products are made from waste or scrap. New products 
may be developed as a result of scientific discoveries in the laboratory. 
t . If the new products are closely related to existing lines, the expan- 
■n is said to be allied. If no relationship exists, the product line is 

K lomerate or polygot. A conglomerate product line may 
porate mergers. Sometimes expansion is designed to re- 
cy upon one market. For example, a company making 
for national defense might acquire a product line that 
bans or to manufacturers in industries that serve the 

I. A machinery manufacturer is required to adopt a 
g its product or leasing it to users on a long-term lease 
act. As a result of a number of court decisions inter- 
titrust laws, many manufacturers who formerly leased 
but refused to sell them are now required to give the 
custotnii^fie option of buying or leasing. The maintenance of the ma- 
<SMnerJje&g used under lease arrangement is covered by special pro- 
visions the contract. The sale of a machine also raises the question of 
tibfr acceptance of a trade-in of an old machine, and the trade-in ar- 
lanjament involves the manufacturer in the problem of selling used 
tn^es. Under the provisions of the Clayton Act of 1914, a manu- 
facturer cannot require that the customer or lessee use the supplies of 
She lessor in the operation of the machine. 
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Dropping a Product. The management should establish criteria 
for deciding when a product should be dropped. The proposal to drop 
a product will usually encounter opposition because it may result in the 
loss of some jobs to both employees and management personnel, and 
the discontinuance of a line may also create difficulties for the sales 
force and others in the sales division. Suggestions may be made that, 
before the line is dropped, efforts should be made to increase sales or 
reduce manufacturing cost. The argument may also be made that the 
product should be continued as long as it pays the direct costs of pro- 
duction and sale and contributes something to the overhead. Th\e 
product may be retained in the hope that it will yield a profit at som^ 
later period. For these reasons, management requires definite criteria'* 
for determining the necessary rate of profit and the period of time ' 
that an unprofitable product will be carried before it is finally dis- 
continued. 


PERSONNEL PROBLEMS AND POLICIES 

Relations with employees and with unions constitute an important 
phase of company problems and policies. The material is processed at 
the machine, which is operated or tended by a worker. Efficiency in 
production depends in large degree upon the technical competen ce* 
dependability, and co-operation of the worker. The methods of dealing 
with workers concern not only the workers themselves but also;tfie 
supervisors, the personnel manager, the inspector, and others in the 
management group. 

Attitude toward Workers. The general attitude of the manage- 
ment toward workers underlies the methods of handling mkjay prob- 
lems. According to one point of view, the workers are people with 
personal interests, family relationships, financial problems, prejudices, 
educational accomplishments, limitations, and other attributes of peoples 
in general. Each person has his own peculiar personality at®d his own 
problems. If management takes the human relations approach, it will 
•seek to help people with their personal difficulties and will appreciate 
the need for different methods of financial and nonfinancial motiva- 
tion. Overemphasis of the human relations point of view may cause the 
management to neglect the objective of producing and selling goods 
and services at a profit. 

The management might regard the worker as a factor in production 
along with land, capital, and management. If management takes this 
point of view, it would seek to produce the maximum amount of goods 
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and services and to utilize the services of the worker to the fullest ex- 
tent to accomplish this objective. While labor is necessary to pro- 
duction, the management shduld not look upon its employees as a 
means of producing the maximum amount of goods. 

A third point of view regards the worker as a source of profit for the 
company. According to this view, management hires the worker at a 
wage which is something less than the value of his contribution to the 
product and makes a profit from his employment. If management 
takes this point of view, it would hire workers when a profit can be 
made by doing so, and it would dismiss a worker when he ceases to 
make a contribution that is equal to his wage. Overemphasis of the 
profit point of view would cause management to be ruthless in its pro- 
gram of hiring, firing, training, paying, and otherwise dealing with 
workers. This attitude has characterized some managements during an 
earlier period. It resulted in labor trouble and eventually led to the 
enactment of legislation which was intended to assure fair treatment 
for employees. 

Managements have sometimes adopted a paternalistic attitude toward 
their workers. They have regarded workers as a parent might regard his 
children. They sought to grant benefits and render services of various 
kinds because the workers could not be depended upon to provide such 
^services for themselves. One difficulty with such programs was that the 
gjagement gave them and could take them away. At the present time, 
:i^sns bargain for financial and other services and they remain alert 
td'Se that the services are not discontinued. 

Attitude toward Unions. The law now requires that management 
refrain from interfering with the unionization of workers and that 
managdaabnt bargain with the union when it has been organized. How- 
ever, sotoe companies co-operate with unions to a greater extent than 
others do. The management may take the initiative in developing 
programs, or it may co-operate only to the extent that it is required 
to by law and by union pressures. In developing the personnel pro- 
gram, the management cannot adopt any methods that are intended 
to weaken the position of the union or to destroy its influence with 
the workers. 




FINANCIAL PROBLEMS AFFECTING PRODUCTION 

Although the methods of financing an enterprise are beyond the scope 
>£ this book, certain financial policies should be taken into considera- 
tion in planning and organizing a production program. The company 
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may buy its building and certain units of machinery and equipment, or 
it may lease them under a long-term contract. The decision to buy or 
lease is primarily financial, but certain phases of the production pro- 
gram are affected, such as plant expansion, the replacement of ma- 
chines, and the morale of management personnel and employees. 
Financial planning also affects the program for machine replacement, 
increased mechanization, and the automation of production. The finan- 
cial strength of a company may affect the plans for carrying larger 
inventories of materials and especially kdy' items of which a short 
supply could delay production. Although mergers are primarily^ a 
problem of finance, they may increase the extent of the product line 
or the degree of vertical integration. Mergers also require revisions 
of the organization plan and shifts in management personnel. \ 

Problems of Inflation. The policy of the company in meeting an- 
ticipated "creeping inflation,” rapid inflation, or perhaps deflation 
would also affect the production plans and programs. Anticipated in- 
flation might be a factor in increasing the facilities for production and 
in buying buildings and machinery rather than leasing them. If defla- 
tion is anticipated, the management might decide to postpone an ex- 
pansion of facilities, the replacement of equipment, or the automation 
of production. All phases of the management of an enterprise are, in 
fact, closely related. 


Sources of Funds. The method by which a company raia 
money for the financing of the enterprise will affect the plan 
policies for production. For an established company, some of the 
is made available through profits and also through funds w|tf 
or retained in the business as a result of the annual depreciatia^f 
Other funds may be provided through bank loans or the sgjHggil 
or bonds. At times, conditions in the money and securities 
make borrowing difficult, and the lack of funds may liijflHi|«> 
or modernization that might otherwise be desirable.. LikaRp the 
credit rating of a company may prevent the acquisition ofl B fefe^efl 
equipment or other facilities. 


me poor 
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STABILITY WITH FLEXIBILITY *E 

Hie foregoing pages have attempted to suggest some important prob- 
lems where guidelines are desirable in order that people throughout 
the organization may know how to plan their work and to co-operate 
with other persons. Unless the guidelines or policies have a measure 
of stability, persons within and without the organization cannot knout 
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what to expect or what is expected of them. Both the individual enter- 
prise and the economic system require stability for efficient operation. 

Flexibility is also required because constant change has become a 
characteristic of the economic, political, and social system. Change 
in company organization and policy is necessary in order that the 
enterprise may adapt itself to new scientific discoveries, shifts in pop- 
ulation, changes in customer demand, political changes at home and 
abroad, and other movements. In a system of private enterprise, adap- 
tation to change results largely from the decisions of businessmen, al- 
though the government also exerts an important influence upon the 
direction and the rate of change. Thus, both stability and flexibility are 
required. 


QUESTIONS 


1. Distinguish between policies, rules, and practices. Illustrate. 

2. A reason sometimes given for failure to establish policies is that the man- 
agement wishes to be free to meet new situations as they arise. Does this reason 
justify refusal to formulate policies? 

3. Is flexibility consistent with stability? 

4. Show how technological changes may require changes in organization and 
policies. 

. The vice-president of a large corporation has said that his company has 
fished a wide span of control in order that executives may be required 
^legate substantial authority to subordinates. Explain why delegation is 
ary in such an organization. 

Jnder what circumstances might a company employ outside consultants 
developing its staff personnel to perform advisory services? 
might a company plan to provide less plant capacity than would be 
jpeet peak demands for its products? How might it provide for 
ders of customers at the peak season? 

pnsiderations enter into the decision to buy parts or accessories 
king them? 

costs or expenses reduced by the integration of the facilities for 



10. It fcas been said that managements have less difficulty in adding products 
than th^Siave in dropping unprofitable items in the product line. Explain why 
this sbottld be true. 

. 11. lOlti management be too human in its approach to personnel problems? 
Can management place too much emphasis upon profit in its handling of per- 
sonnel problems? Explain. 

* IX If management should decide that the level of commodity prices will rise 
:.10 per cent per year during the next ten years, how might it change its produc- 

* tion plans and programs? 
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CASE 

2. PLANNING FOR PRODUCTION IN AN EMERGENCY 

The Rowell Spring and Wire Company owns and operates a plant in a 
small city in Indiana for the manufacture of automobile seats, chair cushions, 
and other wire products, mostly for other manufacturers. The company employs 
450 persons. It buys steel rods which it makes into wire of various sizes. The 
wire is used largely for making springs, frames, and Qther parts for assembly 
to make the finished product. Wire not needed by the company is sold to 
other manufacturers of wire products in the area. The steel is purchased in 
Pittsburgh, Wheeling, and Chicago. 

On July 1, all of the major steel companies were required to cease produc- 
tion because of an industry-wide strike which was called by the steelworkers 
union. During the first half of the year, the possibility of a strike had been 
widely discussed, and the Rowell Company had purchased enough steel to 
enable it to continue operation for several weeks. By the first of September, 
however, the company had used the greater part of the steel and had a supply 
for only two more weeks of production. The president of the company called 
a meeting of the policy committee, which included all of the top executives, 
to discuss methods of meeting the emergency. 

The director of sales contended that some departments of the plant should 
be kept operating as long as they had the materials and parts. After the wire- 
making department had processed all of the material on hand, the wire should 
be further processed in the other departments, and products should be assembled 
for shipment to customers as long as the parts were available. When steely 
could again be obtained from the iron and steel companies, operations covdjf'*.- 
be resumed in the wire-making departments for later processing in the remifiif - 
ing departments. 

The personnel manager agreed with the director of sales because employ* 
ment would be provided for workers in each processing department ^|pag 
as any materials were available. Any other plan, he said, would throa t great 
many employees out of work and cause hardships for them as Wdfc a a for 
merchants and tradesmen in the city. ^ 

The controller thought that when the supply of steel was expiated, the 
entire plant should be closed immediately. He said that if some of tike workers 
were kept at their jobs after the first department was closed, they would practice 
slowdowns to make the work last and that wage costs would mOiftk rapidly. 
Workers might even damage their machines intentionally in order to delay 
production and make the work last. If the entire plant was closed, workers 
and residents of the town would not blame the company because the difficulties 
would be attributed to the steel strike. 

The plant manager also thought that the entire plant should be closed 
but his reasons were different. He stated that the plan urged by the sales 
director and the personnel manager would "empty the pipe lines” and, leave 
the plant without any work in process when production was resumed. The 
workers could not all be called back at the same time, but a few workers in 
a department would be called each day as the materials being processed 
wegft moved along from one department to another. The planning of the 
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flow of work would be difficult because some workers could not be reached 
just at the time they were needed.* If the entire plant were closed at one time, 
all workers could be called back by general announcements in the newspaper, 
on the radio, and on television. All workers could pick up the processing 
at the point where they had left it. 

The plant engineer argued that keeping the plant open with only a few 
departments in operation would increase expenses for heat, light, and power and 
for various employee services, such as cafeteria, storeroom, and toolroom. 
Furthermore, he thought that the company would have difficulty in holding 
the workers until all of the material had been processed because they would 
start looking for part-time jobs elsewhere before they were laid off. 

The president thanked the members of the policy committee for their 
opinions. He said that he would discuss the problem with the board of directors 
and notify the members of the committee as soon as a decision was reached. 


Questions: 


1. Did the president follow the proper procedure? 

2. What would be the proper decision in this case? 


(V> 








PART II 

ORGANIZATIONAL 

PROBLEMS 




CHAPTER 


3 Organization 
for 

Production 

PRODUCTION requires the use of machines and equip- 
ment, materials to be processed, and workers to attend the machin es 
or man the workplaces. Each of these three factors in production raises 
a series of problems for the management. The assignment of duties to 
’ j$gple requires that the total work of making the product be subdivided 
intertasks which can be performed by each person according to his 
teaming and ability. As the number of workers required to perform 
the various tasks may be too great to permit of effective supervision by 
one person, additional intermediate supervisors may become necessary. 
Organization is concerned with the division of tasks necessary to the 
total work of production and the assignment of the tasks to the various 
jobs or positions to be manned by employees, supervisors, assistants, and 
executives. 

Organization is defined as a system or a plan for the co-operation of 
individuals in an enterprise for the accomplishment of the objectives. 
The organization is properly regarded as a system because the work 
of more than one person is involved. Organization comes into existence 
at any time when two or more people work together in a common 
endeavor because the essential tasks must be divided between them. 

ORGANIZATION IN A SINGLE-PLANT COMPANY 

The problem of organization in a single-plant company differs in 
several respects from that of a multiplant company. Problems of plan- 
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ning and co-ordinating the various activities are somewhat less com- 
plex, and fewer management people at the higher levels may be re- 
quired. Some management functions that might be well developd in 
a large company may be combined with other functions to form a single 
position, and some functions may be neglected. In some cases, outside 
consultants, tax experts, research specialists, accountants, or attorneys 
may be engaged to perform certain services which in a large company 
would be performed by specialists within the company. In a small com- 
pany, relationships may be conducted on a informal basis and, because 
the management may not have devoted sufficient attention to problem^ 
of organization, an illogical and unbalanced structure may have been 
permitted to develop. 

In a small single-plant company, any one of three methods of organ- 
ization may be used. They are the line method, the line and staff meth- 
od, and the functional method. Although the method of line and staff is 


commonly employed, the other two methods require attention partly 
for the light they throw upon the line and staff method by way of con- 
trast and partly because they may occasionally be encountered. 

^ Line Organization. A line organization is based on relative au- 
thority and responsibility rather than on the nature of the activities. 
In the line organization, authority flows directly down from one' leveL 
to another; and each person is responsible to the one directly abqM 
him. The name of this type of organization is borrowed from the dH 
tary services, which designate the fighting branches as the line oinB 
ization. In a pure line organization, no divisions or departmenglH| 
organized or equipped to provide service or render advice 
each department is engaged in performing an Activity or 
is necessary to accomplish the objectives. 

In a very small enterprise, all of the work may be pjflHpjiid by 
the manager and members of his immediate family. An J^j jaBzation 
would exist if the owner performed certain functions and 

assigned other functions to the wife and the children. If B^^bployed 
still other persons as salesclerks, bookkeepers, or delivery assistants, 
the organization would continue to be a pure line organization. The 
owner-manager might decide to devote more time to generiQ prob- 
lems, banking relationships, planning, and supervision and to Wsign 
routine work to others. Until the proprietor employs an assistaht to 
advise with the supervisors or to render certain services to them, the 
organization continues to-be strictly the line type. 

/If the proprietor found- it necessary or desirable to distinguish more, 
wady the duties of the various departmental managers, he might des- 
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ignate one for welding, another for sheet metal work, another for ma- 
chining, and so on. This basis of organization is called organization by 
functions, and the authority of each department head would be that 
of a line executive) If the proprietor placed each department head in 
charge of the manufacture of a product, the basis of organization 
would be that of products. In a container factory, for example, one 
department manager might supervise the work of making round metal 
cans, another flat onobjong metal containers, another round containers 
made of paper, anckanother cardboard milk containers. To organize 
on the basis of products would require that the machines in the plant 
be arranged in a similar manner with all of the machines for making 
any one product grouped together in one part of the plant. 

<As the number of persons and the volume of work increase, the 
proprietor will probably find it necessary to assign to certain executives 
the work of selling, financing, and accounting. This type of organization 
would still be classed as line since no divisions or departments exist 
solely for formulating plans or giving advice to other executives or 
rendering a service to foremen and workers. The line organization is 
illustrated in Figure 1. Taylor found this kind of organization being 
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FIG. 1. Line Organization 


used at the Midvale Steel Company when he started his work in man- 
agement there in 1880. 

. . Advantages of Line Type. The line organization has certain defi- 
nite advantages over any other method of organization. Each person 
is made responsible for the management of a department or a phase 
•of the work, and he presumably is given sufficient authority to achieve 
Ae desired results. If the authority is commensurate with the respon- 
sibility, he is notable to shift the blame for poor results. Consequently, 
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he may be expected to do all that he carl to accomplish any tasks that 
may be assigned to him. 

Another advantage of the line organization is that authority and re- 
sponsibility can be clearly defined. Each person in the organization re- 
ceives instructions, orders, or commands only from his immediate 
superior. The line organization provides for the final centralization 
of authority in the person at the top. 

In the line organization, the principal direction of communication is 
vertical, that is, from superior to subordinate* and from subordinate, to 
superior. Some horizontal communications, that is, with associates* at 
the same level, may be necessary and desirable for purposes of co-orai- 
nating the work; but in any case of misunderstanding or disagreement, 
any person could ask his supervisor for clarification. Since lines of aii^- 
thorityland responsibility and vertical channels of communication are 
indicated by the organization chart and since each person is responsible 
to only one supervisor, the organization chart is easily understood. It 
involves a minimum of confusion to all persons concerned. For this 
reason also, the line organization is most effective in time of emergency 
because each person can take whatever action seems desirable without 
the necessity of consulting any person except his immediate superior 
and his subordinates. 

If the supervisor or executive handles a variety of activities as tosses 
pertain to his Apartment, he receives a broad training in management;! 
For example, the foreman of a manufacturing establishment as ftp#*' 
trated by Figure 1 would be required to handle a variety of problems 
pertaining to planning, organizing, supervising, co-ordinatinj^.. and 
controlling. Experience of this kind should help the foreman |^g^dify 
for a position of greater authority and responsibility if toe occasion 
should arise. 

Disadvantages of Line Type. In a large enterprise the line organ- 
ization has decided limitations. Because it makes no provision for spe- 
cialists, each foreman or supervisor is required to attend to many details. 
The pure line organization therefore tends to overload executives. The 
foreman has so many duties that he may be inclined to leave workers to 
their own devices in such matters as methods of work, care and main- 
tenance of equipment, and economy in the use of materials. 

The duties of the foremen not only include a large amount of work, 
but also require that he have a variety of talents and abilities. Taylor 
listed nine qualities of a good foreman, some of them having to do with 
training and experience and some with personal traits. He said that toe 
foreman should have education, technical knowledge, and manual dex- 
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terity. Necessary personal traits* according to Taylor, are brains, tact, 
energy, grit, honesty, judgment or common sense, and good health. 
Taylor said that it was difficult to find a man who had as many as five 
or six of the necessary qualities and impossible to find anyone who had 
all of them. 1 

Another weakness of the line organization is that it emphasizes in- 
dividual action to the neglect of co-operation. The foreman or super- 
visor may attempt to handle a problem through vertical relationships 
rather than horizontal. He may feel that he has sufficient authority and 
does not need to co-operate with other persons at the same level. This 
tendency, to be sure, may be overcome by indoctrination, training, or 
proper supervision from higher levels. 

Another possible limitation is that transfers of either workers or fore- 
men to other positions are not easily arranged. No separate department 
has the authority to arrange transfers, and a foreman may prefer not to 
transfer a good worker to a job outside his department. For this reason, 
in the line organization transfers are seldom made at the lower levels. 
The worker may quit a job in one department and seek employment else- 
where in the same company, but this practice is wasteful. 

Development of Staff. Military organizations long ago developed 
special units to assist the line in the handling of certain problems or in 
ffia^ing important decisions. Philip of Macedon (died 336 b.c.), for 
ex&taple, is known to have surrounded himself with a grbup of compe- 
tent men who advised him on military and political affairs. His son, 
Alexander the Great (356-323 b.c.), depended upon his associates for 
assistance in appraising the strength and weaknesses of the enemy, de- 
termining the time and the method of attack, and developing various 
phases of Strategy. His eventual failure was due largely to his disregard 
of their advice. Gustavus Adolphus (1594-1632) made very effective 
use of staff for planning and organizing his campaigns, and his methods 
were later adopted by most of the military commanders of western 
Europe. George Washington was most effectively aided in planning 
his military strategy by several competent European generals who sup- 
ported the American cause, particularly Marquis de Lafayette and Baron 
von Steuben. However, the concept of a general staff was not fully 
developed by the United States Army until after the Spanish-American 
War. 

Although the kinds of staff are not clearly differentiated, they may be 
classified under three heads. The general staff exists principally for the 

1 F. W. Taylor, Shop Management (New York: Harper & Bros., 1903), p. 96. 
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rendering of advice and the formulation of plans for carrying out a 
program. If the plans are accepted by the line executive, the staff may 
assist in putting them into effect by explaining how the program should 
work, checking on the progress of the program, and conferring with the 
line executives on the operation of the plan. The general staff derives 
its name from the fact that it may assist the commander in handling any 
problem which he is required to handle. It should not be inferred that 
the giving of advice is limited to the general staff as any person can 
give advice to the chief, and any supervisor .can counsel with his subor- 
dinates or his associates. \ 

Special staff is the term used to designate the department or other 
unit that renders a service to the line or aids in co-ordinating its activi- 
ties. In the military, such services include medical services, supply^ trans- 
portation, psychological warfare, public information, and the work of 
the chaplain. Because the head of a department which renders a staff 
function has direct or line control over his own subordinates, the word 
staff might properly be used to describe the function of serving the oper- 
ating departments. A term that is more descriptive, although it is not 
commonly used, is the facilitating function. If this term is adopted, the 
line departments might properly be described as operating departments. 

The term personal staff is used to describe the work of persons who 
perform services of a personal nature for the commander. Examples 
the services erf the receptionist, the secretary, the orderly, 
chauffeur. The personal staff is often omitted from the 
chart, which shows only the principal positions. 

Authority of Staff. The supervisor of a department that 
a staff function exercises direct or line control over his own 
only, and he has no authority to give orders to workers in 
ments. To illustrate, an inspector has no authority to 
to stop work on a machine even though he finds that the 
being produced does not meet the required standard, 
pected to inform the foreman of the situation and the foreman would 
decide what should be done. If the foreman refuses to taktf. satisfactory 
action, the inspector would report the difficulty to this own l^pervisor, 
and the problem could be reported up the chain of command until it 
reaches a supervisor who is in charge of both production and quality 
control. This supervisor might be the plant superintendent. His de- 
cision would be transmitted down the chain of command until it reaches 
both die foreman and the inspector. Because line foremen or supervisors 
know that this solution is possible, also because staff recommendations 
are usually good, most difficulties are settled without die necessity of 
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appeals up the line. For this reason the question of whether the persons 
performing staff functions have authority over the line may seldom be 
raised. 

Staff Functions in Industry. The three types of staff are usually 
found in larger industrial organizations although they may not be 
labeled as staff. The extent to which the staff functions are developed 
will vary with the size of the enterprise, the nature of the business in 
which it is engaged, and the ideas of the proprietor or general manager. 
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2. Organisation for Production in a Single-Plant Company 

»|M f 

A possiblesorganization for a single-plant company is shown in Figure 
2. , Thcf'jjg£ executives who perform line or operating functions in this 
company are the secretary-treasurer, the director of sales, and the works 
manager. The executives who perform a facilitating or staff function 
ate the director of industrial relations, the controller, and the chief 
engineer. All of the executives at the level of the general superintend- 
ent except for that executive himself perform a facilitating or staff 
Function. The persons reporting to the assistant superintendent on the 
chart also perform a facilitating or staff function. 
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Staff functions that may be separately organized at the plant level but 
are not shown on the chart include industrial engineering, plant trans- 
portation, the manufacture and maintenance of tools, tool storage, 
power in case the company has its own power plant, maintenance of 
plant and equipment, and product engineering. However, in the organ- 
ization as shown in Figure 2, these functions may be handled by the 
chief engineer. Another peculiar feature of the organization as depicted 
in the chart is that the safety function is separately organized under the 
direction of a safety manager. Safety is frequently considered to be a 
part of the personnel function, or it may be combined with engineering. 

The nature of most of the staff functions may be sufficiently clear 
from the titles of the positions, but some of them require brief explana- 
tion. The personnel department has been developed to assist in the 
work of employee activities and employee relations. The work of thfe 
personnel department includes the maintenance of the work force by 
encouraging persons to apply for jobs and by interviewing, testing, and 
investigating applicants. It recommends to supervisors the persons it 
considers best qualified for jobs. It makes recommendations for train- 
ing courses throughout the organization and it assists in planning for 
employee training although it does not give the training. It assists the 
line by providing various services for employees, such as recreation, 
sports, food services, and the publication of a plant magazine. 

The work of purchasing materials, supplies, and equipment is dQ*& ; '’ 
by a purchasing department under the direction of the purchasing agent. 
He is responsible for knowing markets, interviewing salesmen, making 
purchase contracts, and following up the purchase order to see that 
deliveries are made on time. Inspection work is done by an inspection 
department headed by a quality control manager or by a chief inspector. . 
This department inspects purchased materials and supplier-purchased 
parts, work in process of manufacture, and finished products. The title 
of chief inspector is probably more appropriate for the head of this func- 
tion because quality control includes the original design of the product, 
the setting of standards to be observed in the manufacture of the prod- 
uct, the work of production itself which builds the quality into the prod- 
uct, and inspection for the purpose of seeing that standards have been 
adhered to. 

The plant engineer is responsible for machine design, the selection of 
machinery for purchase, the installation of machinery and equipment, 
and the replacement of machines. He supervises the operation of the 
power plant and the toolroom which stores, repairs, and issues tools for 
use in the manufacturing departments. The industrial engineer, whose 
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position is not separately shown in the chart, determines the methods by 
which work is to be done at the machine or workplace. By means of time 
studies, he sets standards for the various tasks. Such standards, some- 
times called production standards } indicate the proper time to be re- 
quired for each task as performed by the worker and may be the basis 
for the setting of a piece rate or the determining of a bonus. 

The product engineer, another position which is not separately shown 
in Figure 2, is responsible for the design of the product. In some com- 
panies, his position may be regarded as a top function and he may re- 
port directly to the president and general manager. In other companies, 
the position may be placed at the plant level and he may report to the 
works manager. This function may also be combined with the work of 
the chief engineer. Product engineering includes the preparation of 
drawings showing the general design or appearance of the product; the 
accessories, parts, and subassemblies of which it is made; and the di- 
mensions, contour, lines, shape, and other qualities of each part. It also 
includes the setting of any other qualities or requirements of the prod- 
uct and of each part, such as color, texture, tensile strength, capacity as 
in jars and bottles, and ability to withstand internal pressure or wear 
and tear. 

In the organization chart as shown in Figure 2, four plant services 
'-laaye been grouped together under the direction of an assistant super- 
intendent. This position is sometimes given the title of plant service 
manager. The work of the service department includes the receiving 
and unpacking of incoming shipments. It routes incoming freight ship- 
ments fejr materials and parts, checks freight bills, and traces delayed 
or lost shipments. It supervises the storing of materials, parts, and 
supplies. It issues stores upon requisition, and it transports materials 
inside the plant. It may provide for the shipment and routing of goods 
"Sold to customers. 

The production planning department is responsible for routing pro- 
duction orders through the plant. It determines the department and the 
machine to which the work should be assigned. It schedules starting 
and completion dates at each phase of production and also final com- 
pletion dates for finished products. The department dispatches the or- 
ders to workers through the office of the foreman, and it follows up the 
work to see that the schedules are met or that appropriate corrective 
action is taken. 

functional Organization. The word function means an activity 
or a group of related activities. In the functional organization, each 
executive is made responsible for a function and is given authority to 
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supervise and direct persons in the organization who perform the ac- 
tivity. Since a workman may at various times perform more than one 
activity, he would be subject to more than one supervisor or foreman. 
The functional organization represents an extension of the principle of 
providing the services of specialists on which the line and staff organiza- 
tion is based. In the functional organization, the specialists become 
executives in charge of functions with authority to see that their recom- 
mendations are put into effect. 

The functional plan of organization has been developed largely at 
the lower levels. It has been used principally in the shop, where itAis 
known as "functional foremanship.” It was popularized by Taylor and 
his associates, who contrived the system to correct the weaknesses of the 
line organization at the level of the foreman. Taylor began by provid- 
ing the foreman with an assistant; then he added other assistants, each 
in charge of a certain phase of the work. Finally, the assistants were 
made foremen with the same rank as that of the original foreman but 
with a very different assignment of duties. The complete plan provided 
for eight foremen, four in the office and four in the shop. The eight 
foremen were as follows: 


Foremen in the shop: 
Gang boss 
Speed boss 
Repair boss 
Inspector 


Foremen in the office: 
Route clerk 
Instruction card clerk 
Cost and time clerk 
Shop disciplinarian 



The duties of the foremen are partly, though not fully, ind 
their names. The gang boss had charge of the work up to 
was placed in the machine. He was responsible for seeing i 
ers were provided with the proper machine tools and that! 
were correctly adjusted. If necessary, he demonstrated the < 
of setting up and adjusting the machine. However, he ha 
do with die processing of the materials. His work ended when the ma- 
chine was ready to operate. The work of the gang boss atT§jepresent 
time is performed by the setup man and the move man, whose. work is 
regarded as a staff or service function. 

The speed boss supervised the operation of the machine. He saw that 
the cuts in the metal were started in the right part of the piece, that the 
machine was run at the proper speed, and that the depth of the cut was, 
correct; Like the gang boss, he might be required to demonstrate how . 
fhe work should be done.’ The name "speed boss” is not particularly 
_ appropriate and is often erroneously associated with the idea of speed- 
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ing up the worker. The name merely refers to determining the correct 
speed of the machine and to supervising the flow of work through the 
shop. In the line and staff form df .organization, the work of the speed 
boss is performed by the foreman. 

The repair boss was responsible for the repair and maintenance of 
equipment. He was expected to see that the machines were kept in 
proper working condition and not merely to repair equipment after a 
breakdown. He could best meet his responsibility by periodical inspec- 
tion, regular adjustment and lubrication, and overhaul before break- 
down. Emergency repairs would be made under the direction of the 
repair boss when necessary. In the line and staff organization, the work 
of the repair boss is done by a repairs and maintenance department. This 
staff function is performed under the direction of the chief engineer. 



FIG. 3. Functional Foremanihip Organization 


The hj|gi§fctor was responsible for seeing that incoming materials met 
the specifications as set forth in the purchase order or in the contract 
withthbtendor, that parts and accessories met the established stand- 
ard^ and that quality requirements were maintained throughout all 
phases of production. His work was similar to that of the chief inspector 
and the plant inspectors at the present time. The difference is that under 
file functional type of organization the inspector was considered a boss 
-with a line relationship to the worker, whereas in the line and staff type 
of organization he performs a staff or service function and has a func- 
tional relationship to the foreman and the worker. The organization of 
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a plant under the functional foremanship plan as developed by Taylor 
is shown in Figure 3. 

Advantages of Functional Plan. The functional plan of fore- 
manship was designed to reduce the span of training and skill required 
of the foreman. It accomplished this result by permitting each super- 
visor to become a specialist in a function of limited scope. The sphere 
of work of each foreman was so narrowed that properly qualified per- 
sons could be found or could be developed for each position. The spe- 
cial abilities of the functional foremen were continuously utilized in 
work for which each was especially fitted. Each foreman always per- 
formed the type of work for which he was best qualified. \ 

The functional plan also reduced the span of operations of each fore- 
man sufficiently to enable him to perform the duties of the position, tie 
was not required to leave the worker to his own ingenuity to the extent 
that was necessary under the pure line type of foremanship. This plan 
constituted an essential feature of the Taylor system under which man- 
agement would assume the duties and responsibilities of adequate 
supervision and direction. 

Another advantage of the functional plan was that it required each 
foreman to co-operate with the others. The adequate performance of 
all of the functional foremen was necessary to the flow of work and the 
production of the goods. In encouraging and requiring co-operation,; 
the functional plan tended to develop the team spirit and to foste^a? 
feeling of belonging to the company. 

Disadvantages of Functional Plan. The functional forematiShip 
plan was found to be subject to several serious limitations. Perhaps the 
greatest weakness arose from the fact that it was confusing t® the work- 
ers. Although the separation of functions and the division. of authority 
between the eight foremen were clear-cut and distinct, it was difficult 
for the worker to understand his responsibility to each of the foremen. 
In a stable working force the workmen might in time learn for what 
purposes and in what types of activities they are subject to each fore- 
man. When labor turnover is high and many employees are new, work- 
ers are confused by this type of organization. The employee finds it 
much more satisfactory to work under the same boss all the time. Like- 
wise, the workers feel less secure when they are subject to many fore- 
men. They cannot be sure that their work is satisfactory when they have 
many persons to please. They may lose their jobs if any one of the 
eight foremen disapproves of their work. 

Among die foremen themselves, responsibility for failure cannot be 
easily placed. If, as a group, they do not co-operate as they are expected 
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to do, each one may blame the others for any difficulty that may arise. 
No one person assumes the final responsibility for failure to produce 
goods of the right quantity and quality at low cost according to a fixed 
schedule. 

While the functional plan provided for specialization by functions, 
it did not provide for specialization by manufacturing operations or by 
products. For example, the gang boss would be responsible for the se- 
lection of the proper tools and for the adjustment of the machine 
whether the work was done in the drill press department, the finishing 
department, or assembly. He might be required to supervise the setting 
up of one machine for the production of parts with a tolerance of 
0.001 of an inch and of another machine for the production of parts 
with much closer tolerance. 

A high degree of specialization in any function at any level in the 
organization is desirable for the performance of that specialty, but it 
fails to develop people for a wider range of duties and for advancement 
to positions of greater responsibility. If a functional foreman confined 
his work and his interests to a single function as the plan contemplated, 
he might never qualify for a higher position such as that of plant super- 
intendent. 

Importance of Functional Plan. The functional form of organiza- 
ifijpn was never widely used in industry. Experience showed its weak- 
nesses, and by 1920 it had been abandoned by the few plants which 
used it. The significance of the functional plan is that it emphasized the 
idea of placing a specialist in charge of each function. While its strength 
lay in its. provision for expert service, it violated the basic principle that 
each person should be made responsible to only one boss. 

The functional plan hastened the development of the line and staff 
form of organization, which makes provision for specialists or staff de- 
partments to perform the work of Taylor’s functional foremen. The 
. .work of the gang boss is now performed by the setup man, who may be 
in the engineering department. The work of the repair boss is now dele- 
gated to the maintenance department and that of the inspector to the 
inspection department. The work of Taylor’s route clerk is performed 
by the planning or the production control department. The work of the 
instruction card clerk is performed by the standards and methods de- 
partment, and the cost and time clerk has become the cost accounting 
and payroll department. The personnel department renders a wide 
range of services which replace but also go far beyond the work of the 
shop discip linarian . The present-day foreman retains the authority of the 
speed boss and is in other respects the direct supervisor of the workers. 
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Relation to line and Staff. The line of demarcation between the 
functional organization and the line and staff is, in practice, often in- 
distinct. If a person who serves as a staff officer assumes the authority 
of giving orders directly to the subordinates of a manager in a different 
„ department, he becomes a functional executive and the organization be- 
comes functional. For example, a personnel officer might issue repri- 
mands or take disciplinary measures without consulting with the fore- 
man. The maintenance man might tell a worker to operate a machine 
in a prescribed manner. The wage and salary -administrator might allow 
wage increases or transfer workers to other jobs or other departments. 
The difficulties that would arise in such cases are obvious. The worker 
would have many bosses just as he does in a functional organization. 
However, a person in a staff position may at times act as though his 
authority is direct rather than advisory. 


ORGANIZATION IN A MULTIPLANT COMPANY 


If a company owns and operates several plants, additional levels of 
supervision become necessary in order that the work of production at 
the various plants may be properly integrated. Some of the functions 
that would be assigned to the individual plant in a single-plant company 
might be performed at the main office for all of the plants. EffectiveneMg 
of the organization might be increased by providing some uniformitvgKj 
methods, procedures, or programs by means of a central staff in the jgg §» 
office. The central staff would devise the most desirable or thaj£pBR£ 
efficient methods which would be used throughout the organhlHP^’ 

Co-ordination of Plant Activities. The method by whi cfeffBpS jyork 
of many plants may be co-ordinated is illustrated by FiggiPpii^hich' 
shows the top organization of a large can-making compajj^^pbis com- 
pany owns about sixty factories which are located in of the 

United States. It has the dual problem of performing c3j$un services 
centrally in the interests of efficiency and also of supervisiaj£the various 
plant operations to see that general company plans and prQjgpiures are , 
being followed. The staff functions which are performed centrally are 
engineering, industrial relations, public relations, legal advice and litiga- 
tion, purchasing and traffic, and research. These activities include the 
giving of advice to the chief executive officer and to the operating 
executives. They would propose to the chief certain general plans and 
policies to be followed throughout the company. 

The vice-president for manufacturing would be expected to manage 
the operations for production in accordance with the company programs. 
Since he could not supervise directly the operations of sixty factories, he 




FIG. 4. Organization of a Multiplant Company 
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is assisted by regional managers who report directly to him. (Not all 
regional positions are shown on the chart.) The managers of plants in 
a defined area of the country would report to each regional manager. 
Reporting to each regional manager also are certain staff assistants whose 
functions correspond with the functions of the staff as organized at the 
main office. Each staff assistant at the regional office would have a line 
relationship with the regional manager and a functional relationship 
with the corresponding executive at the main office. In the same way, 
each plant manager is assisted by certain managers who perform staff 
functions. The staff personnel at the plant have a line relationship with 
the plant manager and a functional relationship with the corresponding 
staff executive at the regional office. The line relationship is indicated 
by the solid lines on the chart. A functional relationship, if it were be 
shown, would be indicated by broken lines. In most cases, functional 
relationships are not indicated on organization charts because they 
would be so numerous as unduly to complicate the chart. 

Effect of Number of Products. Organization necessarily depends 
upon the variety of products made and sold. A few companies produce 
a single product or one line of closely related products. Examples are 
sugar, soft drinks, college textbooks in business, and lumber. In such 
companies, one person may be placed in charge of each major activity, 
such as sales, production, purchasing, engineering, and finance. Some 
companies produce a variety of products. One company, for example^ 
might produce and sell coffee, salt, frozen foods, gelatin, margarine, and 
other food products. In such a company, any one of several methods of 
organization is possible. The organization might follow the linei previ- 
ously suggested for a company having a single product; or one person 
might be placed in charge of the production and sale of each product, 
together with related activities such as engineering, purchasing, and 
product research. Another possible organization is for sales to be or- 
ganized by products, with all production activities centralized under one 
executive. Still other methods will be found in some companies. 

QUESTIONS 

1. Explain the meaning of organization. Show its relation to people, duties, 
position descriptions, and objectives. 

2. For what type of enterprise is the line organization best suited? 

3. Why is a staff especially needed in military organizations as a supple- 
ment to the line? 

4. Explain the proper relationship of a person who performs a staff func- 
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tion to the persons engaged in production at machines. Illustrate by reference 
to the personnel director or the purchasing agent. 

5. If an inspector finds that a machine is producing parts that do not 
meet the required standards, should he order the foreman or the worker to 
stop the machine? If not, what should he do? 

6. Has the development of departments performing staff functions simplified 
the work of foremen and workers, or has it increased the difficulties of their 
work? Explain. 

S*. How does the line and staff type of organization differ from the func- 
tional organization ? 

8. A large company has sixteen plants located in various parts of the 
United States. At the home office is a director of industrial relations who 
reports directly to the president of the company. At each plant is a personnel 
director who reports to the plant manager. Explain the relationship of the 
two personnel managers to each other and to their respective supervisors. 

9. The director of industrial relations referred to in Question 8 sent an 
assistant to a plant to confer with the local personnel director. If he finds that 
the practices at the plant do not conform to company policies and practices, 
what should he do? 

10. If a company manufactures and sells several lines of products which 
are sold through different sales outlets, how might it gain by placing both 
manufacture and sale of each line of products under a separate manager? 


CASES 



3. CHANGE IN FORM OF ORGANIZATION 

rUnion Wire and Cable Company was incorporated in 1950 to acquire the 
“Sro other companies engaged in the manufacture of various kinds of wire 
fe It immediately issued all of its stock in exchange for 100 per cent of 
Vthe two companies. During the remainder of the year, Union Wire 
an3-0^^^gctioned as a pure holding company. Its officers consisted of a presi- 
dent; ic mSiixy, and a treasurer. 

One of tlfe subsidiaries owned two plants in Ohio. The main office of that 
"Company wliph Cleveland. Top management of the company included the presi- 
dent, a manager, a treasurer, a vice-president in charge of manufacturing, 

and a vice-president in charge of engineering. Plant superintendents reported to 
the vice-president in charge of manufacturing. Under each plant superintendent 
were the following executives: works manager, personnel manager, service man- 
ager in charge of purchasing and stores, plant engineer, and the cost accountant. 

• The other subsidiary had only one plant. The top management of the company 
consisted of the president and nine vice-presidents in charge of sales, finance, 
controllership, public relations, manufacturing, personnel, engineering, purchas- 
ing, and traffic. 

The president of Union Wire and Cable Company was convinced that the 
management of the company was top-heavy and that substantial savings could be 
effected by reorganization. He proposed to the board of directors that the cor- 
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porate charters of the subsidiaries be surrendered to the state and that their assets 
and liabilities be taken over directly by the top company. Central offices would 
be maintained only for sales, manufacturing, finance and accounting, purchasing, 
personnel, and engineering. A plant manager under the supervision of the direc- 
tor of manufacturing would be placed in charge of each plant. Under each plant 
manager would be a works manager and local staff departments for personnel, 
plant services, maintenance, costs and payrolls, and production control. In the 
office of the president and acting as his staff assistants would be a public relations 
manager and the secretary of the corporation. 

Required: 

1. Draw up an organization chart of the company immediately after 
holding company was formed. 

2. Draw up an organization chart of the proposed organization. 

3. Explain what difficulties may be encountered in putting the reorganization 
into effect. What provisions should be made for persons holding office in the 
present subsidiary corporations? 

4. AN ORGANIZATION PROBLEM 

The Fenn Manufacturing Company was organized by Forrest A. Fenn during 
World War I to manufacture electric appliances needed by the armed forces. 
After the war, the company shifted its work to make and sell similar products 
needed in homes and factories. The founder of the company died in 1935, and 
his son, Mr. James B. Fenn, is now president. The company has only one 
plant. It employs 1,200 men and women. Recently much of the work has been 
done on subcontracts with larger corporations having contracts directly with tite 
government. ' 

As the company has increased in size, the president has endeavored io keep 
in close touch with its affairs. He believes that he can know what it gpipg on 
throughout the company if he has the head of each important division reporting 
directly to himself. Directly under the president are fourteen executives in charge 
of the following activities: production, sales, purchasing, finance, controllership, 
product research, advertising, public relations, labor relations, market research, 
engineering, office management, budgetary control, and overseas activities. 

Mr. Fenn says that he never seems to get caught up on his work, and the 
heads of the divisions complain that they experience undue delay in getting 
decisions from Mr. Fenn concerning important questions. The difficulties are 
increased by the fact that Mr. Fenn insists upon having all important questions 
referred to him for decision. Considerable dissatisfaction exists among the top 
executives, and three of them recently resigned to accept positions elsewhere. 
, Mr. Fenn believes that his total salary cost is too much. He attempts to keep 
1 secret the salary of each top executive, but according to rumor, considerable 
differences exist in the top salaries. 

The principle of wide span of control as followed by Mr. Fenn is followed 
also by executives at the next level below him. The director of production has 
reporting directly to him executives in charge of the following activities: plant 
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management, plant maintenance, industrial engineering, traffic, storeroom, tool* 
room, plant accounting, production planning, safety, employment management, 
employee services and clubs, plant cafeterias, and plant protection. The director 
of production, like the president, Mr. Fenn, feels that he is overworked and 
that decisions are often unduly delayed. He has suggested to Mr. Fenn that a 
revision of the organization should be effected. However, Mr. Fenn believes 
that no reorganization is needed. 

Required: 

1. Criticize the plan of organization of the company. 

2. Suggest possible changes in the organization. 



CHAPTER 


4 Principles 
of 

Organization 


No one plan of organization is satisfactory for all enter- 
prises, and a plan that is workable for any company at one time may 
not be satisfactory for the same company as conditions change. As ex- 
plained in the preceding chapter, the organization will vary with the 
legal form, the number of employees, the variety of products manu- 
factured and sold, the services rendered to customers, the extent of 
span of control, and other factors. However, some principles th; 
of general application can be suggested. 

Provision for Essential Activities. The organization 
cates the positions within the company, and position descri 
indicate die duties assigned to each position. New positii 
as die situation requires, and some positions may be 
product is discontinued or a plant is sold. During slack 
unprofitable activities may properly be continued tempo; 
to hold the working force intact. In time of depression or ifjperiods of 
technological change, persons who might otherwise be dismissed are 
given make-work jobs until the slack can be taken up. Such activities 
may be discontinued as soon as the situation Can be righted through the 
normal labor turnover or transfer of persons to other work. 

Another factor in the decision to continue certain activities is die ef- 
fect upon community or public relations, employee attitudes, and man- 
agement development. Most companies conduct som$. activities and 
programs that do not contribute directly to profit. For example, a com- 
pany might arrange for visitors to tour the plant or it might sponsor a 
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program of musical concerts by the local symphony orchestra, even 
though they may not contribute directly to profit The stability and 
strength of the system of private enterprise depend in part upon the 
fact that private corporations do not measure the desirability of every 
activity by the amount it directly contributes to profit. However, this 
situation creates the problem of distinguishing between desirable and 
undesirable activities. 

Authority to Act. Two kinds of authority may be distinguished: 
delegated authority and earned authority. Relegated authority is the 
right to make decisions affecting people, money, or property, and to take 
Such measures as may be necessary to see that the decisions are carried 
out. This kind of authority is delegated by eadi person to his subordi- 
nates from top to bottom throughout the organization. Earned authority 
refers to the ability of a supervisor to make his decisions effective be- 
cause of his personal influence. Earned authority is gained through such 
qualities as knowledge of the technical aspects of the work, good com- 
munication, understanding the personal attributes of subordinates, and 
proper use of incentives. Earned authority is sometimes called the au- 
thority of leadership. The following discussion pertains to delegated 
authority. 

The organization chart should provide for the delegation of au- 
—thority to perform all work which should be done. Every activity neces- 
2jSifcw to the operation of an enterprise should be definitely assigned to 
j^aHfijjpne. Moreover, the line of demarcation between the divisions and 
^gHKents should be definite, in order that each person may know 
wignkected to act in certain cases. A corollary to this proposition is 
tbkl^ mpi es should not overlap. 

TbifflnsSSLof each position includes the making of decisions within a 
certaiariu§gg&. From the top of the organization chart to the bottom, each 
person is «fiffiorized to work out certain programs, to decide upon meth- 
ods arid work assignments, to check performance, and to take corrective 
measurefr Vvfthin a specified range of authority. Each person can make 
decision? as they relate to certain problems. Other problems must be 
referred up the line for decision, and more detailed problems may be 
assigned to subordinates for investigation, the rendering of decisions, or 
the execution of a plan. Still other problems or questions may be re- 
ferred horizontally to persons in other departments or divisions. The 
essential requirement is that each person should know the kind of prob- 
lems to be handled by him and the persons to whom questions beyond 
fcs authority are to be referred. 

The most important attribute of an organization pertains to the 
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amount of authority in decision making which the executive delegates 
to his subordinates. At the top of the organization, the chief executive 
may require that decisions in certain areas be made by himself, and he 
authorizes the major executives to make decisions on questions of some- 
what lesser importance. A similar problem of the amount of authority 
delegated arises at every level. If the organization is decentralized at 
the top level, it may be either centralized or decentralized at lower 
levels. However, if authority is centralized at, the top, it is likely to be 
centralized at lower levels also. The amount of delegation in any com- 
pany depends upon such factors as the span of control, the number pf 
important decisions to be made, the nearness of the offices to each othe^:, 
the speed in decision making that may be required, the ability of execu- 
tives at the lower levels, and the attitude of the management. 

Assignment of Responsibility. When any authority is delegated 
to a subordinate, responsibility for performing the duties is assigned to 
him. The assignment means that the subordinate is informed as to the 
nature of his duties, the extent of his authority, and the manner in which 
the work is to be done. A time limit for completion of any task may 
also be indicated. Incentives for proper performance, both financial and 
nonfinancial, may also be instituted, and the subordinate may be in- 
formed as to the nature of the rewards or disciplinary measures to be 
used. An assignment of responsibility is not complete until methods 
have been established for checking on performance and taking correc- 
tive measures. 

In assigning responsibility, the executive does not relieve himsfelf of 
his responsibility for the larger task. When he delegates authp||J| and 
assigns responsibility, he retains the responsibility for seeing that the 
work is properly done. He cannot abdicate or delegate to any one his 
own responsibility to his chief. 

The Scalar Chain. The successive levels of executives or super- 
visors to whom responsibility is assigned and through whom control is 
exercised constitute the scalar chain. The relationship of the various 
levels is also called the chain of command or the chain of authority. 
The principle of the scalar chain requires that each person know to 
whom he is responsible and who is responsible to him. A lack of under- 
standing by any person of his position in the scalar chain indicates con- 
fusion in organizational relationships and in authority. The failure to 
define the place each person holds in the organization will result in con- 
flicting orders and ineffective performance. Violations of the principle 
of the scalar chain are most likely to occur at the lower levels in the 
relations of the staff to the line. 
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Observance of the principle of the scalar chain does not lessen the 
need for co-ordination between the various units of the line or between 
line and staff. Co-ordination is essential to effective group effort. More- 
over, communications can properly bypass the direct chain of command, 
although orders and commands should be transmitted only from super- 
visor to subordinate. 

Channels of Communication. Each position serves not only for 
the making of decisions but also for communication. Since every per- 
son, except possibly the one at the top, is under the supervision of an- 
other, and since the final authority rests with the top executive, the 
channels of communication must permeate throughout the length of 
the scalar chain. The lines of communication should be kept open for 
the flow of information, instructions, orders, and commands from above 
and the flow of reports, comments, and suggestions from below. The 
supervisor should be available to subordinates for consultation when- 
ever they require assistance or need to render a report. 

Communications begin at the top level as stockholders receive various 
financial reports from directors and officers and convey instructions to 
directors through resolutions and other actions at stockholders' meet- 
ings. Directors receive reports from officers and informally discuss prob- 
lems with them. The chief executive communicates with divisional 
executives through committee meetings, written memoranda, informal 
conferences, and other means. The subjects of such communications in- 
duce budget requirements, expense and cost information, planning for 
physical facilities and executive personnel, and the co-ordination of 
various activities. The chief executive seeks not only to impart infor- 
mation concerning programs and plans but also to receive information 
on current developments and problems throughout the company. 

Within each division, channels of communication are established for 
the transmission of information to and from the lower levels. Com- 
munication for any one person begins when he is appointed to a position 
and is informed of his duties and responsibilities. The newly appointed 
person is informed as to duties in order that he may know how to meet 
recurring problems without the necessity of consulting with his superior 
each time. Media for such communications include a written descrip- 
tion of the position, together with a personal conference. Subsequent 
information on changes in plans and new developments may be trans- 
mitted by personal interviews, monthly or weekly discussion meetings, 
executive orders, and written notices. Luncheon meetings of commit- 
tees and other groups are frequently used for communications. These 
methods may be used to reach all levels of the organization. New em- 
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ployees may be informed of company programs affecting them through 
their employment interview, talks as a part of the induction procedure, 
booklets on company rules and employee services, and interviews with 
the foreman. In some companies, each new employee is placed under 
the sponsorship of a dependable employee who assists him in using plant 
services such as the plant cafeteria and answers his questions concern- 
ing routine procedures. After his induction the employee may be in- 
formed of later developments through such media as discussion meet- 
ings, announcements on bulletin boards, conferences, counseling inter- 
views, and annual reports to employees. \ 

Many persons feel that the problem of communication from the uppfcr 
levels to the lower is less difficult than that of communication from the 
lower levels to the upper. In upward communication the information 
may be incomplete or too condensed. Persons at the lower levels may 
hesitate to communicate unpleasant information, and they may omit de- 
tails that might reflect discredit upon themselves or their subordinates. 
A foreman, for example, might hesitate to report differences between 
himself and an employee if he thinks he might be held at fault. At 
times, his chief concern may be that his superior may learn of the diffi- 
culty in some way not under his control. 

For effective communication, each person should report to only one 
boss or supervisor. If orders are received from two or more bosses, the 


subordinate may receive conflicting orders, he may be confused overi|g|| 
priority to be given different assignments, and he will have no ondflpy 
son whom he may consult to correct difficulties. If one job does ' 

a person busy all of the time, he may properly be assigned 
supervisors or departments on different days, provided the jjflBBpi arts 
do not overlap. 

Lines of Promotion. The organization plan may u^^fe ; some 
though not all lines of promotion. If a person is promoteft^i higher 
position in the same department, the normal direction of S^aiU^ement 
may be considered to be the next higher level in the organisation. Each 
person should be informed of the duties of the positions at* the next 
higher levels and the qualifications required for promotion to tfiem. It 
is a mistake, however, for the management to hold out to every person 
the possibility of promotion because some persons are not suited in tern* 
perament, emotional traits, or intellectual ability for advancement be- 
yond a certain point. Some persons cannot acquire the necessary technical 
skill, and at the higher levels they may be unable to make the decisions 
required of a top executive. Many employees do not seek promotion to 
positions of increased responsibility. 
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The lines of promotion may lose significance in an expanding organ- 
ization because new positions may be created. As branches are estab- 
lished, new plants are constructed, additions are made to an existing 
plant, or new products are added to the line, the organization chart must 
be adapted to meet the changing conditions. Furthermore, executives 
may be developed by transferring them from one position or one plant 
to another. In such cases, the regular lines of promotion may be dis- 
regarded. 

Logical Assignment of Duties. The work assigned to a division 
or a department should be logically related. Each division manager 
should be in charge of a major activity, such as production, sales, finance, 
or accounting. Each person reporting to an executive should be in charge 
of a logical subdivision of the major activity. The same principle should 
be followed at other levels in the organization. One person may be 
placed in charge of each activity or subdivision of an activity. No per- 
son should be overloaded by having to manage functions requiring 
varied capacities; and all positions at the same level should require 
ability, training, and experience of comparable degree. Although this 
goal cannot always be achieved, it is a desirable objective. 

Regard for Personal Capacities. The ideal situation exists when 
persons holding positions all along the line have the ability to perform 
their duties, have had sufficient training and experience to equip them- 
|elves for the work, and are interested in the things they are expected 
“Igo. However, if all people have just the ability necessary for their 

E*»t positions, promotion to positions carrying greater responsibility 
fjfcdifficult. On the other hand, if their positions do not require 
jR efforts, they may become discouraged and seek employment 
cn^miJKbefore they receive promotion. It is the responsibility of 
see that this does not occur, although no attempt should 
be made hold a person within the organization when he can better 
himself ^going elsewhere. 

Thepirkitiple of awarding promotions on the basis of ability, training, 
and interest is often violated in practice. The initial placement may be 
based on some principle other than merit, and methods of judging people 
for both employment and promotion are often faulty. Once a person is 
intrenched, and particularly after a long period of service, it may be 
better to leave him where he is rather than to remove him to make way 
for a more capable person. Deserving employees may therefore be re- 
quired to await the promotion or retirement of a superior before they are 
-.placed in the positions for which they are best fitted. A favorite device 
is promotion to a newly created position with a high-sounding title but 
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with few responsibilities. This method is popularly known as "kicking 
a person upstairs.” The organization may be a compromise between an 
ideal logical assignment of duties and an assignment based upon per- 
sonal capacities. The management may plan for an organization as they 
think it should be and gradually work towards it by shifting assignments 
of work as people develop or receive training for new responsibilities. 
The need for reorganization also arises with changes in personnel due 
to retirement or other causes and changes in the work to be done. 

Distribution of Work. If possible, the work .should be so divided 
that all persons at each level have approximately equal loads, with no 
person overloaded. This requirement is not easily met. If work is as- 
signed by functions, the result is usually an uneven distribution. It can 
hardly be expected in a manufacturing enterprise, for example, that pro- 
duction, sales, and finance would make the same demands upon the 
executives in charge of each of these divisions. The same is true of the 
allocation of duties at other levels. The burden of the work would also 
be unequal because of differences in the ability, training, and experience 
of the executives and because of differences in their capacity to get things 
done. 

A common reason for inequality of burden within an organization is 
the difference in the temperament and disposition of executives. Some 
people get things done, while others may appear to be busy without 
actually accomplishing a great deal. When new functions are undertaken 
and new duties assigned, the additional work may be given to people 
who have succeeded in keeping their desks clear and their work up to 
date. In time, this method results not only in the overloading of capable 
executives but also in an illogical assignment of tasks and functions. 

An unbalanced work load may be caused by the failure of some execu- 
tives or supervisors to delegate authority and assign responsibility. If a 
person attempts to attend to a mass of detail and to insist that he make 
all of the important decisions, he may have more work to do than his 
associates even though the organization chart would indicate a proper 
distribution of work. Each supervisor should check to see that his sub- 
ordinates have delegated the proper amount of authority. 

Work loads may also be improperly distributed if some executives 
have too many subordinates reporting to them. The smaller number of 
subordinates would mean fewer conferences and fewer problems of co- 
ordinating the work. However, a larger number of subordinates might 
requite that more authority be given to each person and that few prob- 
lems be referred to the chief by each subordinate. No definite number 
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of subordinates can be said to be proper for all companies and all levels 
within the organization. 

A lack of balance in an organization may be suggested by an im- 
proper designation of titles or the use of assistants. For example, five 
of the subordinates of a superintendent might be given the title of sec- 
tion head while the sixth might be called assistant superintendent. This 
type of organization would be confusing because it would suggest that 
one subordinate held a more important position than the others, where- 
as the organization chart would indicate that all subordinates are on the 
same level. The role of the assistant in this case should be more prop- 
erly defined. 

In practice one subordinate will exercise more influence upon the 
management of the enterprise than another and the recommendations 
of one subordinate are more likely to be accepted than those of another. 
The organization will not function in the way a formal chart might sug- 
gest because the positions are filled by people of varying personalities, 
experience, ability to communicate, and other traits. The working rela- 
tions between the people in an enterprise constitute the informal organ- 
ization. 

Proper Placement of an Overall Service. The organization is 
likely to operate with a minimum of friction if a service department is 
placed on a co-ordinate position with the departments it serves rather 
than in a subordinate position to one of them. For example, the per- 
sonnel department might interview and recommend for employment ap- 
plicants for jobs in the manufacturing division and also for positions in 
the sales, advertising, and controllership divisions. If the employment 
department is a part of the manufacturing division, the employment 
manager might be inclined to pay special attention to the needs of that 
division and to neglect the needs of the others. A similar situation 
might arise if a secretarial pool or a duplicating department is made a 
part of one of the divisions which it serves. One solution in such cases 
would be the authorization for each department to provide the special 
services it needs. 

Centralized Authority. Centralization of authority means that 
final responsibility for the success of the enterprise has been placed in 
one person and that he has been given the authority to see that the ob- 
jectives are accomplished. It does not mean that the head of die organ- 
ization attempts to make all decisions or to attend to details. According 
to legal theory, final authority in the corporation rests with the stock- 
holders who establish the framework of the enterprise and delegate 
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authority to a board of directors elected by them. In small corporations 
the theory is valid; but in large corporations the stockholders are unable 
to perform this function because of their large number, the expenses of 
holding meetings attended by them in person, and their willingness to 
trust others to act in their behalf. Occasionally, a few stockholders 
owning substantial blocks of stock take an active interest in corporate 
affairs. More often, the policy-making function and the final authority 
rest with the directors. However, the board of directors may leave many 
important decisions to the officers, for the board, of directors meets in- 
frequently and many members of the board may be less familiar with 
corporate problems than are the officers. In any case, the essential re- 
quirement of a good organization is that final authority should be def- 
initely placed, whether in the general manager, the president, the board 
of directors, or the stockholders. 

The principle of centralization of authority implies that the number 
of persons reporting to any one executive should not be so large as to 
make it impossible for him to exercise control over the various activities. 
If the span of control is too great, the executive may be unable to super- 
vise his subordinates effectively. He may be compelled to permit them 
act too much on their own initiative. 

Co-ordination. To establish an effective organization, vertical and 
horizontal co-ordination is required. Vertical co-ordination means that 
the persons at the various levels work together without friction. Each* 
executive gives his subordinates the proper supervision and knows wHE 
is being done by each subordinate. Vertical co-ordination also njaffij 
that established lines of communication are observed and that uK 
tive does not hyptfSs his subordinates by giving orders to persgflMplif 
lower levels. Likewise, junior executives do not attempt to b iSBl iSat 
supervisors by reporting directly to executives at the hi aK IPfels. 
Problems requiring solution are handed down until they read^pprbper 
executive, who proceeds to take the necessary action. In theSatue way, 
questions requiring decision are passed upward within the Organization 
until they reach the executive in whose province the decision lies* This 
procedure cannot properly be called "passing the buck.” It is merely 
the referring of a problem or question to the person who has been auth- 
orized to handle it An executive may properly be said to "pass the 
buck” if he refers to another person a problem or a question which is 
within the range of his own authority. 

Horizontal coordination means that persons in the various depart- 
ments at each level work together effectively. For example, the enter- 
prise is co-ordinated at the top level if the sales division directs its efforts 
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to sell the type of goods made by the production division in the quanti- 
ties it can economically produce and the finance division raises just the 
amount of funds necessary. This principle is closely related to that of 
balance in organization. 

Horizontal co-ordination is achieved in part by communication. To 
avoid bypassing an executive and to assure that the organization is co- 
ordinated vertically, it is important that all communications move up- 
ward to a common executive and then downward again to the proper 
level, as shown in Figure 5. However, this procedure is time consuming. 




adds to the work of the executive, requires more oral and written 
reports, and is likely to result in a less satisfactory solution than would 
be achieved by direct communication. Frequent lateral communication 
occurs between the foreman and the personnel department, between the 
production control department and the purchasing department, between 
the standards and methods department and the foremen of manufactur- 
ing departments, and between various other departments at the same 
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level. 1 Consequently, it is much better for people to confer directly and 
to work out their problems by personal contact, provided that the per- 
sons conferring are able to agree as to what should be done, that the im- 
mediate supervisors know that personal conferences are being held, and 
that supervisors are kept informed as to what agreements are reached or 
what new programs are initiated. If these requirements are not complied 
with, direct conferences should be discontinued; and the questions 
should be taken up through the official channels of communication. 

The problem of developing horizontal co-ordination exists at each! 
level of the organization. Divisional and departmental rivalries often' 
interfere with the development of co-ordination. Departmental or plant 
loyalties may result in a limited rather than a company-wide point of 
view. Methods of giving orders or otherwise dealing with other people 
may cause friction. Line departments may hesitate to utilize the services 
of such staff departments as personnel and engineering because of a fear 
that reliance upon others may be interpreted as a confession of weakness. 
Each executive may strive to handle his own problems as far as possible, 
without dependence upon others. Executives should develop teamwork, 
suppress departmental rivalries, and cultivate an interest in the prog- 
ress of the company as a whole. 

Use of Committees. Because of the number of activities that must 
be co-ordinated in a line and staff organization, the committee device is 
frequently employed. The committee can be useful if it is effectively 
operated, but it can also be wasteful of time and money and it .{30 
cause much annoyance and frustration. , i. 

Committees can be classified by the authorization for existence, the 
duration, the administration level, the purpose, and the authority given 
to each committee. From the point of view of authority for. organiza- 
tion, committees are classified as corporate and administrative. Corpo- 
rate committees are authorized by the corporate charter. Examples are 
the executive committee of the board of directors, a policy committee, 
or a finance committee. An administrative committee is created by the 
corporate administration or the management to meet a need not con- 
templated by the charter. From the point of view of duration, com- 
mittees are permanent or temporary. Temporary committees are some- 
times designated as ad hoc, which means "for this specific purpose.” A 
temporary committee is sometimes permitted to become permanent be- 
cause the executive who created it failed to define precisely the work to 
be performed. 

’ Henri Fayol referred to direct communication as the "gang plank.” See his General 
and Industrial Management (London: Sir Isaac Pitman & Sons, Ltd., 1949), p. 35. 
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Committees may be organized at any level from the board of directors 
to the workers. In some cases, membership is limited to persons at one 
level, but it may include persons at two or more levels. In some cases, 
the membership will be rotated from time to time. The level in the or- 
ganization and the membership will depend upon the purpose and the 
duration. At the top level, a committee might consider such problems 
as budgets, methods of financing, sales policy, public relations, retire- 
ment plans, salaries and executive bonuses, and research programs. At 
the lower level, committees may deal with such problems as accident 
prevention, employee recreation and clubs, reduction of waste, quality 
control, and employee complaints and grievances. 

The objectives of a committee vary considerably. In some cases, a 
committee may be established for the purpose of improving communi- 
cations from the chief to the subordinates, from subordinates to the 
chief, or between executives at the same level. Committees may be 
asked to discuss a problem and to make recommendations. In some 
cases, committees whose membership is composed of branch man- 
agers may work out methods of handling problems that are common 
to all of them. Committees can best review information that is already 
available. They are least suited to making investigations or making 
decisions on management problems. 

The authority given to a committee will depend upon the objective. 
The authority may be limited to listening, discussing, or making a rec- 
ommendation. Usually the committee does not have authority to make 
a decision or to handle a problem in management, though some com- 
mittees , do have such authority. 

Committees are most successful when they are used for the purpose 
of advising an executive, for the exchange of ideas, for keeping the 
members informed, and for unifying points of view. For making de- 
cisions, the committee may be effective in combining different points 
of view. However, the decisions of a group may represent compromises, 
and the committee may be dominated by the more talkative persons. 
Decisions may not be the best because some members may be unquali- 
fied. The committee also results in a division of responsibility. It does 
not possess the means for carrying out a decision or for supervising 
the activities of the members of an organization. The success of a 
committee for any purpose will depend upon the size, the nature of 
the membership, and the qualities of the chairman. 2 

Use of Charts in Organization Planning. Many companies make 

* Estill I. Green, "The Nature and Uses of Committees,” Advanced Management, Vol. 
XXIV, No. 7 (1959), pp. 24-28. 
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much use of organization charts which show formal positions, titles, anc 
perhaps the names of the persons occupying various positions. Sucl 
charts are useful in the development of the organization and also ir 
instructing new members of the management group of their relationshif 
to other persons in the company. The charts serve a useful purpose ir 
disclosing defects in the assignment of duties and responsibilities 
When an enterprise which has developed without reference to an or 
ganization chart draws up such a chart, undesirable' features are usu 
ally found to exist. Activities may not be logically arranged. Certair 
functions may have been separated with a part of the function assignee 
to one department and another part to another. Duplication of worl 
assignments may have been made with the result that two or more de 
partments are performing the same work. Unrelated activities may bt 
grouped together, and specialized departments may have been assignee 
varying duties which they are not qualified to handle properly. Some 
departments become overdeveloped in relation to the others, with con 
sequent waste of money and effort on unprofitable activities.* At various 
levels in the organization, the number of persons reporting to one super 
visor may exceed the number that can be effectively supervised. Th< 
undesirable features in an organization may continue indefinitely unless 
a chart brings them into focus. However, all weaknesses should be cor 
rected before the chart is set up in final form. It should be a cardina 
principle that the chart is not rigid or fixed and that no one acquire®! 
vested interest in his position. 

Organization charts are subject to certain limitations. AlthoudHBj|| 
show the vertical relationships of each position, they do not 
horizontal relationships. For example, they do not show thg^SpS^n 
ship of the purchasing agent to the cost accountant, the ston^^pi^th< 
standards and methods engineer, and other members of tf^w^miza 
tion. A further limitation of charts is that they do not shaw 'the au 
thority associated with certain positions because of the persoi|gt>3hflKienc< 
or prestige of the persons holding the positions. An aggressive. or com 
petent person may exert much greater influence than his position seem: 
to bestow upon him. He achieves his influence by his ability to helj 
people and by the force of personality. Practical relationships m sucl 
cases do not conform to the chart or to organization theory. Furthermore 
the chart cannot show the extent to which authority has been delegatee 
and the level at which various decisions are made. As previously indi 
cated, this attribute is probably the most important feature in any or 
ganization. 

Apofiket difficulty with organization charts is that of keeping then 
up to date. This problem is particularly acute when the names of per 
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sons holding the various positions are shown on the chart. Organization 
charts may also tend to make the organization inflexible because man- 
agement may strive to maintain the relationships that the charts portray. 
Because of theoretical objections, and also because of operating pres- 
sures, some companies have not prepared charts or have not keep them 
up to date. 


QUESTIONS 


1. Distinguish between authority and responsibility. 

2. Distinguish between delegated authority and earned authority, also 
called organizational authority and authority of leadership. Why are both 
necessary to effective management? 

3. Chester I. Barnard, a well-known writer on management, states that 
the positions in an organization are centers for decision making and centers of 
communication. Explain the relationship of these two functions to each other. 

4. Under wbat circumstances might an executive refer a question to his 
superior for decision? When might he refer a question to a subordinate? When 
might he refer a question to another executive at the same level in the organi- 
zation ? 

5. Does the top executive design an ideal organization and require that 
all persons in the company adapt themselves to it, or does he adapt the organi- 
zation to the persons who are to fill the positions? 

6. Some executives seem to have difficulty in delegating authority. Explain 
such delegation should be made. 

Is the delegation of authority always downward in the organization, or 
legation be made upward? 

|plain the importance of the scalar chain in management. 

is communication upward more difficult than communication down- 
. organization ? 

the importance of lines of promotion? Does promotion follow 
the line: igfS^uthority an< ^ responsibility? 

11. Exp H & the meaning of centralized authority. 

12-. Whatis necessary to the successful use of the committee? 

13. Under what conditions is direct communication between executives at the 
same 'lever in the organization permissible? 



CASES 

5. FUNCTION OF AN ORGANIZATION DEPARTMENT 

A large corporation with a number of subsidiaries has established an organiza- 
tion department under the direct supervision of the president. The function of the 
department is described in the company manual as follows: 

"The Organization Department is responsible for developing organization 
plans and policies which will be given company-wide application. These plans 
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and policies are designed to assist members of management at all levels in the 
discharge of their primary responsibilities for the maintenance of sound organiza- 
tion ; the active and effective control of methods, payroll expense, and manpower 
utilization; the proper evaluation of daily rate jobs and salaried positions; and 
the equitable administration of wages and salaries. The Organization Depart- 
ment furnishes assistance to the officers of the company and advice and assistance 
to departments and subsidiary management. The Department further provides 
functional guidance and assistance to executives who are responsible for organi- 
zation and cost control in major departments. Periodically, the Organization 
Department appraises the effectiveness of the efforts of these divisions and posij- 
tions, reviewing the results with the management concerned/' \ 

Usually the members of the organization department work at the main office 
in consultation with plant managers, the heads of divisions, and others who\ 
come in for consultation. The organization department has prepared a model \ 
organization manual for the use of all persons throughout the company for their \ 
guidance in preparing organization charts and position descriptions. The manual 
shows a typical organization chart for the top management of an entire company 
and more detailed charts of divisions and departments to supplement the main 
chart and to provide additional detail. Departmental managers are expected to 
use this manual in the preparation of charts and manuals for their own divisions, 
plants, or departments. Final responsibility for the organization of any such 
unit is placed upon the head of the unit and not upon the organization depart- 
ment. 

Recently the manager of Plant A has been in consultation with the organiza- 
tion department concerning the organization of his plant. As the plant organi- 
zation is now constituted, the manager has reporting to him the heads of the 
following departments: production planning, accident prevention, purchasing, 
maintenance, receiving and stores, payroll and costs, employment, plant cafetcm, 
plant engineering, and inspection. In addition, five general foremen repo^ :: $6 
the superintendent. Under the general foremen are forty foremen. The fS^tal 
number of employees is 560. The manager of Plant A is satisfied with his present 
organization. He believes that the number of persons reporting to him is about 
right and that the plant has about the right number of departmental managers. 

In Plant B, the manager has only two persons reporting to him* dne, who is 
called "staff manager,” heads the staff functions which are the same as in Plant A. 
The other person is called "manufacturing manager.” Reporting to him are three 
general foremen, and under the general foremen are fifteen foremen. The number 
of employees is 350. The manager of Plant B is satisfied with his organization 
as it stands and is opposed to making any changes. 

Questions: 

1. What changes do you recommend in the organization of each plant? 

2. How should the manager of the organization department proceed to effect 
the changes he believes to be necessary ? 

6. ORGANIZATIONAL RELATIONSHIPS 

Jane Winthrop accepted a position as bookkeeper and office manager with 
the Smith Clothing Company in 1940. She had graduated from high school 
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and later had completed a course at a secretarial school. Jane’s principal work 
was that of bookkeeper. She made all of the entries in the cash book, the sales 
journal, and the general journal. She posted the entries to the ledger, and at 
the end of each month she took a trial balance. She made the adjusting and 
closing entries as recommended by the auditor. She also supervised the work of 
three other young women on the secretarial staff and attended to various other 
details of the work in the office. She acquired a grasp of the details of the 
business and proved herself to be a capable office manager. 

The volume of work grew steadily and, in 19*57, Mr. Kendrick, the president, 
employed Mrs. Alice Sims as his assistant and private secretary. Mrs. Sims was 
32 years of age. She was a college graduate in business administration with a 
major in sales management. Her salary was fixed at $6,500. Miss Winthrop 
was then being paid $6,200. Mr. Kendrick informed Miss Winthrop that the 
name of Mrs. Sims was to be placed on the payroll at that amount, adding the 
comment that Mrs. Sims had two children to support. 

When Mrs. Sims reported for work, Mr. Kendrick talked with her and Miss 
Winthrop about the assignment of work in the office. He stated that both 
women would report directly to him. While he expected to make special assign- 
ments to Mrs. Sims from time to time, he did not expect her to direct the work 
of Miss Winthrop. As financial secretary, Miss Winthrop would supervise the 
work of the bookkeeper who recently had been added to the staff. She would 
buy office supplies, approve invoices for payment, and see that incoming and 
outgoing mail was properly handled. 

Before long, friction began to develop between Miss Winthrop and Mrs. 
Sims. Miss Winthrop resented the fact that a younger woman had been added 
to the staff at a higher salary than she was being paid. Miss Winthrop thought 
also that Mr. Kendrick should have discussed the new position with her before 
Mts, Sims was employed. She noted that Mrs. Sims was given an expense 
allowance for the entertainment of out-of-town guests while Miss Winthrop 
had no such allowance. Mrs. Sims seemed to think that she had a higher status 
than M&s Winthrop because she held a college degree and received a higher 
salary. She occasionally asked Miss Winthrop for an advance from the petty 
cash fund to pay for a luncheon to which she invited a visitor to the company. 
She disturbed the office routine by asking for reports of sales and expenses at 
odd times. Miss Winthrop was irritated not only by the requests but also by 
the manner in which the requests were made. 

The local board of trade held a two-day meeting in January of each year. 
Speakers from banks and manufacturing companies discussed the outlook for 
finance and business in the area and in the industry. For many years, Miss 
Winthrop had made the arrangements for people in the management to attend 
the meetings, and she always included herself at the suggestion of Mr. Kendrick. 
She particularly enjoyed the luncheons and the banquet, and she found the 
discussion meetings to be very interesting. In January after Mrs. Sims was 
employed, Mr. Kendrick asked Mrs. Sims to make the arrangements. Mrs. 
Sims omitted the name of Miss Winthrop from the list of persons who were to 
attend. When Miss Winthrop heard of the omission, she went to Mrs. Sims 
who was seated at her desk, criticized her in a loud voice for omitting her name, 
mentioned other things that she did not like, and threatened to resign if she 
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was not included in the group. She then went to the office of Mr. Kendrick 
and told him that she was being treated unfairly. Mr. Kendrick immediately 
called Mrs. Sims on the telephone and told her that Miss Winthrop was 
expected to attend the meetings of the board of trade. 

Question: 

What was the cause of the difficulty in this case? 



CHAPTER 


5 Problems at 
the Executive 
Level 


The organization chart indicates the formal plan or system 
for the co-ordination of the activities of people in the enterprise. It 
suggests the basis on which the duties have been assigned to positions. 
It does not indicate how the organization employs the services of people 
and how the people work with each other. The problems and the rela- 
inships will vary with the organizational level. The levels may be 
classified as the executive level, the foreman level, and the 
level. To develop a better understanding of the organization, 
t levels will be treated separately. 

WORK OF THE EXECUTIVE 



The eswitial function of the executive is to unify the work of the 
people ii-'ius department, division, or company and to direct their 
energies toward the accomplishment of the common objectives. An 
importantobjective is the production of goods and services for sale in 
the market at a price which affords a satisfactory profit or possibly the 
maxfinum profit. Difficulties that may arise in the effort to gain co- 
operation include indefinite definition of the objectives, indifference, 
adherence to conventional methods, local or departmental ambitions, 
and attention to personal affairs. 

The work of the executive is sometimes classified under three prin- 
cipal headings. First, he is concerned with the technical aspects of pro- 
duction or other activity that may be carried on. However, the technical 
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work becomes less important as the executive advances to the higher 
positions in the organization because he relies more and more upon the 
advice of specialists. Second, he deals with people and gets the work 
done by directing and motivating them. Third, he attempts to get the 
enterprise to function as an entity or as a unit, to see that it accom- 
plishes its main objectives, and to have it maintain its proper relation- 
ships with customers, vendors, banks, and other institutions in the 
economic system. All three of these phases of the work of the executive 
require attention to problems created by changes- within and without th^ 
organization. i 

General Administration. One of the best summaries of the phases! 
of the work of the administrator or executive was made by Henri Fayol, 
the well-known French industrialist, in 1916. 1 He classified the work 
into five elements: planning, organizing, commanding, co-ordinating, 
and controlling. As these five steps indicate, the executive first plans 
what is to be done. In making the plans, he considers the various alter- 
natives before selecting the best course of action. The plan also includes 
a statement of the physical facilities, the personnel, and the money 
that will be required to initiate and complete the planned program. 
The executive may divide the major task into the duties that will be as- 
signed to each person. He makes the assignments and issues general or 



FIG. 6. Time end Effort Devoted to Different Activities 
1 Henri Fayol, General and Industrial Management (New York: Pitman Publishing 
Corp., 1 949* Original in French, 1916). 
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detailed instructions depending upon the circumstances, and he delegates 
the necessary authority to each person. He co-ordinates their work as 
they carry out the plan, and he establishes methods of controlling or 
checking on the work done by each person and on the development of 
the work as a whole. 

The various types of activities are shown graphically in Figure 6. 
This chart illustrates the fact that the percentage of time and effort 
devoted to the three types of work varies with the organizational level. 
At the lowest level, the worker is concerned largely with the technical 
aspects of production and his personal relationships with the foreman 
and other workers. The foreman devotes more attention to human 
relations but is still largely concerned with the technical aspects of 
production. At the top level, the technical aspects require less attention 
while general administration and human relations require a larger per- 
centage of the time. 

Talking with People. The president of a large manufacturing 
company, when asked by a worker what kind of work he performed, 
stated that he talks to people. The people with whom he talks include 
members of the board of directors, prominent stockholders, the heads of 
major divisions of the company, and some persons outside the company, 
such as lawyers, bankers, management consultants, and officials in the 
government. His direct contact with machines and the technical proc- 
esses of production may be infrequent. 

Because the executive gets his work done through other people, his 
ability to direct and influence others is important. He needs to develop 
an understanding of the meaning of reports and other methods by 
which information is communicated. He should be a good listener in 
that he should be willing to receive oral as well as written communi- 
cations, and he should be able to evaluate the information received, 
relate it to the problem at hand, understand the need for more infor- 
mation as die situation requires, and make appropriate decisions. In 
making decisions, however, he should handle only those questions that 
fall within the limits of the authority that has been delegated to him. 

The concern of the executive with general problems may cause him 
to develop a point of view that is different from that of the worker at 
the machine or even the foreman in the shop. As the executive con- 
siders such problems as rising costs of production, the difficulties of 
meeting the sales prices of competitors in the market, and the replace- 
ment of obsolete equipment with new and improved machines at higher 
prices, he may fail to appreciate the point of view of workers. The 
workers, on the other hand, may think largely of their own needs for 
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money to meet the living expenses o£ themselves and theit families or 
they may be concerned with such problems as working conditions in 
the department where they work- or the discrimination of a supervisor. 
The foreman may direct his sympathies largely toward the workers 
because he knows them and their problems and because he needs their 
co-operation in order to maintain schedules. 

The level in Ifce organization at which the point of view shifts from 
the immediate and the specific problems of the day to the long-range 
and the general problems will vary with the company. However, it can 
be said that the vice-president for production and the plant superinl 
tendent must devote much of their thinking to general problems and\ 
to conditions outside the company. In order that executives may not\ 
become too far removed from the production line and may continue 
to understand the thinking of the workers and the foreman, most com- 
panies limit the number of levels in the organization. 

Delegation of Authority. If the top executives are to perform their 
work effectively, they will not have time to handle detailed questions 
and problems but should delegate to subordinates the authority to dis- 
pose of many such matters, (pie principle of delegation with well- 
defined limits of the authority of each person is known as the excep tion 
principle. The executive establishes general objectives and programs 
tor the guidance of subordinates, who can then dispose of routine prob- 
lems. When some question of unusual nature arises, the subori 
carries that question to the executive for decision. When the d< 
has been rendered, the new rule is used as a guide until another 
tion occurs. Routine affairs disposed of by subordinates or assi 
summarized in periodical reports which enable ^hgx*6peric 
what has been accomplished. The principle was stated by Fj 
Taylor as follows: 



»(/*** -u ' 

: an uncommon sight, though a sad one, to see the m ai||gp^& large 
business f airlAawamped at his desk with an ocean of letters and on^e ach 

ot which he i thinks that he should put his initial or stamp, ri e having 

fhismass of detail pass oyerhis desk he is keepingip^tose touch irStme entire 
business. The exceptioSprinciple is directly the reverse of this. Unde|!MJ4v^inan- 
ager should receive only the conde^sprf^ summgrijpd, and invariaj^l^^pa^ive 
reports, covering, however^lf of thj elements entering into the management, and 
even these summaries should be carefully gon^ayef'hy an assistant before they 
reach the manager, and have all of the exceptions to the past averages or to the 
standards pointed out, both the espedalljypod and especially bad ex ceptions, thus- 
giving him in a few minutes a full view of progress that is Toeing made. 2 

’ m 

* F. W. Taylor, Shop Management (New York: Harper it Bros., 1903), p. 126. 
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The principle that the executive should concern himself only with 
general polides and with exceptional cases is of ancient origin. When 
Jethro, the father-in-law of Moses' joined the Israelites in the wilder- 
ness, he found Moses undertaking to sit as judge of all the people. 
Moses worked from morning until night and still did not get all the 
work done. Jethro saw that this procedure placed too^evere a burden 
upon Moses, delayed decisions, and required too much waiting upon the 
part of the people. Following Jethro’s advice, Moses set up what seems 
to have been a line organization with rulers of thousands, hundreds, 
fifties, and tens. The plan was based upon the exception principle, 
which Jethro explained in the following statement: “And let them 
judge the people at all seasons ; and it shall be that every great matter 
they shall bring unto thee, but every small matter they shall judge; so 
that it be easier for thyself, and they shall bear the burden with thee.” 8 

In many companies, executives are overworked because they have 
failed to delegate authority or to train subordinates to make decisions, 
and they are required to attend to detailed problems to the neglect of 
larger issues. Even in a large company, for example, presidential ap- 
proval may be required for purchases over a stated amount, salary 
changes above a stated minimum, public appearances of members of 
the management, and capital expenditures of more than a few hundred 


dollars. In smaller companies the president may approve grievance 
jggatlcments that cost money, transfers of production workers, and 
SKbcIs made to workers for suggestions to management. In some small 
the chief executive opens all of the mail and signs all out- 

HiHp? e as on s may be given for the failure of executives to delegate 
mfi||pMBjgrity. Perhaps the principal reason is that the executive be- 
Ueve£3i|||ip can do the work better than any one else or that his judg- 
ment 'J$\4sl||fer than that of subordinates. He may *find it easier in any 
situation "Ifc do the work or make the decision than to train someone. 
Another djSfiadty is that some executives enjoy handling detailed prob- 
lems. A chief executive who has advanced by way of the sales division, 
for example, may feel that he knows more about sales problems than 
due presort head of the division knows; and he may also derive a per- 
sonal satisfaction from the handling of sales problems and the making 
of sales contracts. 


An executive may hesitate to delegate because he is afraid that he 
may not receive credit for the results achieved unless he personally 


’Exodus 18:22. 
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attends to numerous details. This fear is usually baseless. The head of 
any organization is credited with the success achieved because he se- 
lected capable persons for their positions, eliminated conflicts and 
difficulties, and directed the activities of the group toward the common 
goal. 

In some cases the executive may have difficulty in delegating au- 
thority because the subordinate may prefer not to make decisions. A 
junior executive may insist upon taking his problems to the superiof, 
with the excuse that he thought the chief executive would like to make 
the decision. If he does, the superior should decline to decide th^ 
question. He may properly assist the junior officer by suggesting pos^ 
sible lines of action, or he may inquire whether the subordinate has\ 
considered certain difficulties. However, he should leave the decision to '< 
the subordinate if it properly falls within the scope of his authority. 

Judgment by Standards. The executive should have definite and 
reliable criteria by which to rate his subordinates and to determine which 
are the most valuable to the organization. The standards should be 
established in advance of performance, and they should be made known 
to the persons whose work is to be evaluated. If such qualities as punc- 
tuality, regularity of attendance, and personal appearance are impor- 
tant, the subordinate should know it in order that he may do what is 
expected of him. In making any judgment, the executive should make 
his ratings over a period of time which is long enough to permit a fail 
appraisal. .'p • 

Three types of standards which may be employed in judging st^ordi- 
nates are standards of performance, financial standards, and standards 
of accuracy. 

A standard of performance is a measure of the amount of btitput of 
an individual or a department. For example, the standard might indi- 
cate the number of lanits expected to be produced by the manufacturing 
division, the number of units to be sold by the sales division, the num- 
ber of hours machinery is expected to be kept in operation, or the 
number and seriousness of accidents. 

A financial standard is a measure of the success of an individual or a 
department stated in dollars and cents. The following are examples: 
sales made by each salesperson, sales returns in dollars and as a per- 
centage of sales, and markdowns in prices stated in dollars and as a 
percentage of sales. The balance sheet and profit and loss ratios are 
financial standards. Comparison may be made with the performance of 
prior years, with averages for the industry, or with what is considered 
ideal performance. 

A standard of accuracy is a measure of the quality of the work done. 



PROBLEMS AT THE EXECUTIVE LEVEL 


91 


An example is the amount of defective or spoiled work in a depart- 
ment. A standard of accuracy is often combined with a standard of 
performance. 

In many cases the performance of last year or last month is used as 
a standard by which the performance of the present year is judged. Such 
a standard is easily constructed but its value is questionable. The per- 
formance of last year may have been poor, or it may have been good. 
Workers and foremen have been known to limit production in order 
that management may not use their performance to establish higher 
standards of output for other workers or for subsequent periods. The 
standard should represent efficient performance or perhaps performance 
under ideal conditions. 

To be effective a standard should require consistent effort and rea- 
sonable efficiency on the part of employees or other persons. It should 
not be impossible of attainment. Moreover, it should not be changed if 
foremen or executives succeed in meeting its requirements. For ex- 
ample, a budget allowance should not be reduced if an executive fails 
to spend the entire amount for any one month or year. The standard 
cost should not be reduced merely because a foreman succeeded in 
keeping his costs within limits. The changing of a standard in this way 
destroys the effort to co-operate. 

Both, the superior and the subordinate would prefer that judgments 
he based upon standards. Partiality and favoritism may be avoided, 
and judgments are consistent from one time to another. The executive 
wfa&djas developed standards may more easily gain the good will and 
the co-operation of subordinates. 

Reward should be related to accomplishment. Rewards may be finan- 
cial or nohfinancial. Financial rewards are usually necessary, but non- 
financial rewards are also effective. Nonfinancial rewards include praise 
and commendation, increase in rank, additional authority and respon- 
sibility, and any recognition which increases the self-respect of the sub- 
ordinate or the^espect in which he is held by his associates. Recognition 
need not be given for each task successfully completed. It is sufficient if 
the subordinate knows that his superior is aware of meritorious service 
and ultimately rewards it. In the lower levels of the organization, how- 
ever, rewards should be prompt if they are to be effective. 

PREPARATION FOR EXECUTIVE WORK 

The' success of any enterprise will depend largely upon the compe- 
tence of the people who provide for its management. While managers 
or executives must possess certain personal qualifications, they may 
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also profit by both experience and formal preparation. A shortage of 
competent executives has existed for many years partly because the 
expansion of business and the increased size of the individual enter- 
prise have created a need for more and better managers. Furthermore, 
business problems have been complicated by the increased application 
of science to production, the more direct interest of the federal gov- 
ernment in business management, the greater power of labor unions, 
and other such developments. Businesses cannot expect to draw their 
executives from each other. They have been required to devote an in-j 
creasing amount of attention to the preparation of people for executive 
work. This preparation has included education, training, and growth 
and development. 

Education for Executive Work. Education is defined as mental and 
moral discipline gained by study and instruction. It is also defined as 
the impartation or the acquisition of knowledge through a planned 
course of study or instruction. The need for education arises because 
of the complexities of modern industry, the territorial extent of markets 
and, sources of supply of materials, and the application of science to 
industry. The relation of government to industry and the legal aspects 
of business raise additional problems. Most of the education of the 
executive may be acquired on his own initative before or after his asso- 
ciation with the enterprise. Some of it may be acquired through a com- 
pany program. 

A part of the education of the executive is concerned with econqMp 
or political institutions. The institutions with which he deals are rap||; 
general types: institutions outside the company, and institutions, 
the company and its various divisions. Outside institutions 
variety of organizations because together they make up t fappp^ feba- 
ment in which the company operates. He should undersh^^SSe in- 
dustries and the cotdpanies from whom raw materials and ififylics are 
acquired and the marketing agencies through which the co^^siy mar- 
kets its product. Other types of institutions with which thebexecutive 
should be familiar are in the areas of finance, competltive lud^tiies, 
competitor companies in the same industry, international markets, busi- 
ness counseling services, governmental agencies, and labor unions. The 
list could be extended indefinitely. 

The company in which the executive works constitutes another insti- 
tution that requires an understanding on his part. He should understand 
its place in the industry, the basis of its organization, the extent to which 
^its facilities for production are decentralized, the. extent to which deci- 
sion making is centralized or decentralized, the product-line policy, the 
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method by which the company is financed, the staff functions that are 
separately organized, and the relation of line and staff within the com- 
pany. He needs to know the people who compose the executive group 
and the way they work together in practice as well as in formal relation- 
ships as prescribed by the organization chart. Many other details per- 
taining to the company organization could be indicated, but the fore- 
going list is suggestive. 

Training of the Executive. The word training means preparation 
for a specific contest, event, or position. Training programs are fre- 
quently organized for workers because their work is routine and defi- 
nite, whereas the executive must be able to meet new situations, work 
out general problems, and transfer from one position to another. How- 
ever, training programs for executives may deal with such topics as 
effective speaking, conference leadership, budgetary methods, cost con- 
trol, production management, rapid reading, business writing, and 
human relations. The objectives of such programs depend upon the 
needs in each company. 

Training also includes a study of methods and techniques that are 
used to adapt the enterprise to the industrial and economic system in 
which the company renders a service and performs a constructive role. 
They include methods of dealing with vendors and making purchase 
contracts, methods of dealing with transportation agencies, credit instru- 

S ig-term or short-term financing, union contracts and their 
id methods of dealing with customers, competitors, gov- 
encies, and the general public. The list merely suggests the 
ch relationships. 

5 own company, the executive uses certain techniques to 
work and to obtain a unified co-operative effort. Examples 
the areas of cost and statistical reports, methods of corn- 
notion and time study, the preparation and use of budgets, 
the estaM&ihent of standards and ratios for the interpretation of finan- 
cial statements, methods and procedures for the selection of employees, 
job cv^udifon, methods for determining fair wage rates, and the like. 
This listwbuld include the various methods and techniques throughout 
the whole realm of business administration. 

Growth and Development of Executives. While a program of 
education or training might be expected to result in the growth and 
development of the participant, it does not necessarily do so. The de- 
velopment of executives depends upon certain inherent qualities, par- 
ticularly balanced judgment, and also upon experience in the handling 
of various types of problems. Management may make a special effort 



94 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


to see that promising young executives are given an opportunity to 
learn how others handle such situations, and they may also participate 
in the discussion of cases drawn from business experience. The study 
of cases is most effective if classes are conducted at a university, a 
hotel, or a club which is removed from the day-to-day pressures of the 
work situation. 

The most effective method of executive development may consist of 
active participation in decision making. A person may develop as a 
result of his being permitted to work out the details of a proposition. 
To assist in the development of subordinates, assignment of tasks may 
be made in general terms rather than in detailed instructions. In making 
an assignment, the executive should be sure that the subordinate under-\ 
stands what is wanted and how much authority he has in the matter. \ 
As illustrations of precisely what is meant by the assignment of a prob- 
lem by an executive, the following are typical: plans for the sale of 
stock of the corporation to employees, development of a new type of 
advertising appeal, the inauguration of a plant periodical, a change in 
the safety program, or a system of merit rating for employees. 

Organization of a Development Program. A formal program 
of executive development would begin with an inventory of the needs 
of the company at various levels and at new locations with particular 
reference to key positions. The requirements of such positions would be 
determined, and estimates would be made of the approximate dates, 
when personnel will be needed. Persons within the organization who 
show promise of development would be rated, and their development 
needs would be appraised. Each person should be given su£b op- 
portunities for development as he requires, but general programssgiven‘ 
for large numbers of persons on the theory that some of the people 
need such development are wasteful of time and money and site also 
destructive of morale. 

In an expanding organization, some persons will be brought into the 
company with the idea that they may be developed into executives as a 
part of a long-range program. Such persons would be selected on the 
basis of a review of their experience, education, and personal qualifica- 
tions as determined by references, tests, and personal interviews. The 
personal qualifications are particularly important because the work of 
the executive requires certain personal traits. The company may plan a 
varied program according to the requirements of the positions and the 
qualifications of the persons being developed. The program might in- 
clude position rotation, conferences, planned readings, lectures, and dis- 
cussion meetings. The progress of each person would be watched. He 
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would be rated by his immediate supervisor and other executives who 
may have occasion to work with him. Such a program may be con- 
tinued indefinitely to provide a high level of proficiency among the 
executive group. 

Requirements for Success. For an executive development program 
to be successful, the continous support of top executives is essential. A 
staff department, such as the personnel department, may suggest the 
program and take an active part in promoting it, but the line execu- 
tives must also be convinced that the program is needed and they must 
assist in carrying it out. Opportunities for development and growth 
should be found largely in connection with the duties of a position. 
Emphasis should be placed upon experience and the bases for business 
decisions rather than upon lectures or reading assignments. Opportuni- 
ties for development should be given to people within the organization 
as well as people who are hired for the express purpose of participating 
in an executive development program. Any idea that an executive is 
assisting in the development of a person to replace himself, except in 
case of his own promotion, should be dispelled. Continuous reporting 
on the operation of the program and control by top executives is also 
necessary. The program should not be forgotten after it is started. It 
requires continuous review from the top. 

QUESTIONS 

U, To what extent can it be said that the work of the executive consists 
of tailing with people ? 

2. ^hy does the executive need an opportunity for growth and development 
as he advances within the organization ? 

3. In tile rating of executives, should a distinction be made between per- 
formance in the present position and qualification for advancement? 

4. Why may the executive fail to understand the attitude of the worker 
toward the company? Why may the worker fail to understand the attitude of 
the executive? 

5. Why do some persons find it difficult to delegate authority? 

6. Explain and illustrate different types of standards that an executive may use. 

7. Distinguish between training and development. How does this distinction 
affect the program for the preparation for executive work? 

8. How can a company know that a program for executive development is 
successful? 

9. Do human relations problems exist at the top levels in an organization, 
or are they confined to the worker and foreman levels? 

10. How may the development of electronic data processing machines be 
expected to change the work of executives? 
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11. The word decision formerly meant a cutting off or a separation. Does 
this meaning have any relation to the work of the executive? 

12. What thought processes are required in the making of a decision? 


CASES 

7. PROBLEMS OF THE EXECUTIVE 


The president of the United Chemical Corporation, Mr. J. C. Marsh, is dis- 
turbed about the downward trend in profits of the, company during the last few 
years, and he has concluded that the cause is an excessive amount of overhead 
expense as a percentage of direct labor. However, he is unable to determine the 
items that are excessive or the causes, and he has decided to call in a consultant 
to study the problem. He was impressed by a talk on expense control that was\ 
given at a recent meeting of the trade association of the chemical industry, and he \ 
decided to engage the speaker to make a study of the company's problems. Before 
engaging the consultant, Mr. Reeves, he talked with the managements of some of 
the companies in which Mr. Reeves had worked, and he had reason to believe that 


Mr. Reeves was competent. 

Mr. Reeves made a study of the company by studying its organization chart 
and by talking with people at all levels of management as well as with several 
employees. The company had no organizational manual, position descriptions, or 
policy statements. Mr. Reeves learned much about such matters from company 
correspondence, conferences with people, and general observations. In his confer- 
ences, he interviewed only one person at a time, and he gave assurances that no 
one would be quoted directly and that no names would be mentioned in any oral 


or written reports. He found several things that disturbed him. 

The stock of the company is listed on the local stock exchange. The numb qfljlp 
stockholders is 20,450; employees number 18,560. Except for the chair fjl^ S^- 
the board, all directors are executives of the company. Board membershig^^^^pl 
and the term is three years. Three directors are elected each year. No 
for attendance at meetings of the board. Meetings are always held 
ing hours, and all members are paid an annual salary. The salary of 
of the board is $50,000 per year. The company owns and^perates 
turing plants, all of them in West Virginia. One plant produces coiS^«li ferti- 
lizers, another dyestuffs, and another a miscellaneous line of prodv^§5', 

Mr. Marsh was promoted to the presidency after working his in the 

sales division. He is very good at establishing and maintaining outwlft Contacts. 
He has been very successful in obtaining some very lucrative sales doling', recent- 
months. However, his action has caused the director of sales and some of the,; 


salesmen to feel that the president is obtaining the large easy-to-get contracts and 
leaving the more difficult sales promotion work to them. 

Reporting directly to the president are the directors of the following major 
divisions of the company; finance, controllership, domestic sales, foreign sales, 
purchasing, production of fertilizers, production of dyestuffs, production of mis- 
cellaneous chemical products, research, office management, engineering, public 
relations, industrial relations, and secretarial work of the corporation. Advertis- 
ing in the domestic market is considered a part of the work of domestic sales, and 
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advertising abroad is considered a part of the work of foreign sales. The chair- 
man of the board, who was formerly director of domestic sales, is much interested 
in the advertising program. At his invjtation, the advertising manager of the 
domestic sales division attended a recent meeting of the board for the purpose of 
supporting an increase in the advertising appropriation in which both persons 
were interested. Mr. Marsh did not object to this procedure, though he thought 
that the invitation should have been extended by himself or the director of 
domestic sales. 

Negotiations with the union are conducted by Mr. Marsh himself, because he 
believes that the union contract is vital to the success of the company. In the 
conduct of the negotiations, he relies heavily upon the advice of an attorney who 
has specialized in labor law. The legal terms that are introduced into the contract 
through the influence of the lawyer protect the company from inaccuracies, al- 
though the precise meaning of many words and phrases is not always clear to 
the industrial relations director and the line personnel of the plant. 

Mr. Marsh is proud of the close personal relationships between himself and 
the workers. He maintains the “open door” policy and encourages people to 
come into his office. However, they are expected to come at convenient times 
and to make appointments with his secretary. Mr. Marsh also has monthly meet- 
ings with the foremen of each plant. All foremen are invited to dinner, and 
after dinner Mr. Marsh opens the discussion by stating that all of the discussion 
is “off the record” in the sense that nothing said there will be held against any 
person. Middle management, including division chiefs and the plant superin- 
tendent, are not invited to these meetings. Mr. Marsh is of the opinion that the 
discussion is free and open and that he learns of the intimate details of plant 
operation and plant problems. 

, The president is very solicitous of the welfare of the workers in the plants. 

« nounced in the local press a retirement plan for all employees. 

r a new contract were under way at the time of the announcement, 
harged that Mr. Marsh was attempting to undermine the position 
granting voluntarily more than the union was asking for. Plant 
somewhat embarrassed by inquiries as to the details of the plan, 
was satisfied that he had shown interest in the welfare of the men. 
to reduce expenses, the president recently employed an expense 
^ rk in the office of the controller. His function is to approve all 

„ requests TOC;inoney, including salary increases and purchases of materials and 
equipment: "He has been instructed to veto any requests that he thinks are not 
for the besfelhterests of the company. 

tTierff^dent has also instituted an accident prevention program as a part of 
the industrial relations activity. He employed a safety engineer and instructed 
him to vj&rk with the industrial relations manager. When the new accident pre- 
vention manager reported for duty, Mr. Marsh told him that his work would 
consist of studying accident records within the company, devising improved 
work methods to prevent accidents, and making such changes in the plant layout 
or machine design as seemed necessary in the interests of safety. Such changes 
as he had made were introduced over the objections of plant executives, but 
Mr. Marsh is convinced that the accident record has been much improved. 

Mr. Marsh complains that he has more work than he can accomplish within 
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the hours of the workday. He has been considering the possibility of reorganiz- 
ing at the top. His plan would be to make the presidency a dual arrangement, 
with himself managing the divisions performing the line functions and another 
executive managing the divisions performing the staff functions. The two top 
executives would work from the same office with adjoining desks. He feels sure 
that he can promote an executive to the other top position who would co-operate 
with him. In any case of disagreement, the opinion of Mr. Marsh would prevail. 

Another question raised by Mr. Marsh concerned the program of executive 
development. For some years the company has been employing college graduates 
in chemistry as research people and also as prospective executives. As a result of 
the promotion of such people, the top positions have been filled with the college 
graduates and few opportunities have been available to people without such 
training who seek their way up through usual channels. Some dissatisfaction with 
this situation was reported by junior executives. Some of the top executives who 
were graduate chemists thought that the junior executives rendered no more than 
half-hearted co-operation in carrying out the company programs of production 
and sales. 

Required: 

Criticize favorably or unfavorably the organization and management of the 
company. 


8. AN EXECUTIVE DEVELOPMENT PROGRAM 

The president of the Thermond Company, Mr. Carl Hunter, was greatly 
concerned when the treasurer of the company developed a nervous disorder and 
retired because of ill health. Mr. Hunter did not believe that any other person 
in the company could adequately meet the requirements of the position. He 
offered the position to a management consultant who had completed several 
engagements with the Thermond Company to the satisfaction of Mr. 

The consultant accepted the offer. Although he was competent in finance, he 
had difficulty in getting the co-operation of his immediate subordinates and his 
associates who resented the fact that an outsider had been given the Important 
position of treasurer. Mr. Hunter then dictated a memorandum to .all major 
executives which stated that each should develop a capable replacement for him- 
self during the next six months. The memorandum also stated that the personnel 
director would consult with any executive who wished assistance with the pro- 
gram. 

When the newly appointed treasurer received the memorandum, he? decided * 
that the new requirement did not apply to him because he himself was still 
attempting to learn about his division and his duties. However, he had observed 
that Mr. Coxe, the office manager, seemed not to be fully co-operative. To give 
outward compliance he talked with Coxe about the possibility of his attending the 
management development program of a well-known university. He then wrote a 
memorandum to the president suggesting that arrangements be made for Mr. 
Coxe to attend the school for six months. 

The personnel director was in charge of a department of right persons. In 
view of the small number of persons, he saw no reason to be unduly concerned 
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about developing a replacement for himself. However, he had a talk with the 
chief of the interviewing section to suggest that he keep himself informed of 
new developments as reported in current literature and that he seek to take a 
more active part in the meetings of local management societies. 

Mr. E. G. Alford, the plant manager, was 58 years of age, and he enjoyed 
good health. He saw in the memorandum a threat to his own position because he 
knew that he would probably not be promoted to a higher position, even if one 
should be available. He had had no special coaching or development program 
prior to his promotion to the position of plant manager, and he believed that any 
replacement could learn in the way he had done. Mr. Alford also observed that 
Mr. Hunter frequently became excited about an idea which he later forgot. He 
filed the memorandum with the intention of giving it further consideration 
when the pressure of current problems lessened. 

Mr. Adams, the director of sales, had attended a management meeting at 
which methods of rating people had been discussed. He decided to institute 
a rating program which would provide for the periodical rating of all his 
subordinates and the review of each person’s rating with that individual. Mr. 
Adams knew very little about methods of executive development, and his assist- 
ance was limited to the interview following the rating. This interview was 
discontinued after the second rating, and no further ratings were made. 

Mr. Hunter sent a memorandum to each executive after six months requesting 
a report on the program for developing a replacement. The replies were received 
by Mr. Hunter’s secretary and duly filed in her office. No further inquiries or 
reports were made. 

Questions: 

1. Do you see anything wrong with this program? 

,2. What should Mr. Hunter have done to make the program successful ? 



CHAPTER 


6 Problems at 
the Foreman 
Level 


T HE position of the foreman depends in part upon the type 
of organization adopted by the company. In many small businesses 
which provide few staff services by specialized departments, the com- 
pany may be organized on the principle of the line. In such a company 
the foreman holds a position similar to that of the foreman in th e 
Midvale Steel Company when Taylor began his studies about the 
1880 . In the line and staff organization, the foreman retains the 
responsibility for the activities of his department but has the 
and co-operation of departments performing staff functions, 
ices are commonly provided in the organization of large 
most of the discussion in this chapter relates to the position 
man in the line and staff organization. 

The work of the foreman may be roughly classified 
cipal headings: technical and human relations. His work intSatfian rela- 
tions pertains to relations with subordinates and with In the 

management. The management people with whom he wo’Htft indude; 
his own supervisor and persons performing staff functions, 'the venous 
aspects of the work of the foreman are closely related, and they are 
classified in this manner merely for convenience in discussion. 

TECHNICAL RESPONSIBILITIES OF THE FOREMAN 

The foreman deals directly with the work at the machine, and he 
must see that the work is efficiently done, that quality is maintained, and 
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that schedules are met. He is concerned with machines, materials, work 
in process at the machines, and work conditions. 

Responsibility for Directing the Work. The foreman usually must 
assign men to their tasks; for although the planning department is re- 
sponsible for over-all scheduling, the foreman may schedule work in 
the department. If production is centrally controlled by a planning de- 
partment, the foreman should see that production schedules are fol- 
lowed. He should see that machines and tools are properly used and 
that safety regulations are observed. He may be required to requisition 
the purchase of materials. He sees that tools are returned to the tool- 
room when they are no longer needed and that completed work is 
moved to the next workplace. He arranges for the disposition of de- 
fective or spoiled materials. In case of emergency, he takes the necessary 
action to protect workers and the interests of the company. In short, he 
is responsible for the orderly conduct of his department and for keep- 
ing down the costs of materials, labor, and expense. Because of the 
importance of the foreman in directing the work, he has been called 
"the key man in production.” 

Responsibility for Working Conditions. The foreman should keep 
informed concerning developments relating to the workplace and the 
conditions of work. He should make suggestions for the improve- 
ment of the layout of the workplace and the flow of work in the de- 
gartment. He should study the requirements of the various jobs from 
oint of view of lighting, heat, and other conditions. He should 


grate with the personnel department in the evaluation of jobs for 
L of wage determination, employee rating, selection and place- 
. wo rkers, and other programs. 

>: ^jll^Wb man should be familiar with the qualifications of workers, 
aaif,IS^&d see that they are qualified for the work they are doing. 
He ttia^^^rmine the adjustment of the worker to the job by observing 
his ouj^^|ted his conduct from day to day. 

Mcdnfelilbg Quality. The foreman has a responsibility for main- 
taining the quality of the product because quality results from a control 
/bver melinfacturing processes. A quality product is made from material 
o£ the Eight grade on machines properly fitted with the proper machine 
tools and kept in good operating condition, through maintenance. 
Quality also requires that employees be properly trained and willing 
to co-operate in turning out good work. Inspection does not necessarily 
mean quality control. Its value is limited to seeing that standards have 
been maintained. 


In the work of maintaining quality, the foreman is assisted by various 



102 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


other persons in the management, such as the purchasing agent, the 
maintenance foreman, the toolroom manager, the engineer in charge 
of product design, the personnel manager, and the chief inspector. How- 
ever, the foreman is principally responsible because he has direct super- 
vision of the work. He is required to see that machines are kept operat- 
ing and that work is kept moving according to plan. 

Controlling Costs. Responsibility for costs in the department rests 
with the foreman even though many elements of costs are beyond his 
direct control. He is subject to a budget which he is expected to melst. 
Unit costs of the product in the department are composed of materials, 
labor, and manufacturing expense. Materials cost is affected by wastie 
and scrap which the foreman is expected to keep at a minimum through 
effective supervision. Labor cost is affected by the efficiency of the work-\ 
ers, their willingness to co-operate, absenteeism, and accidents. Manu- 
facturing expense per unit is affected by the number of units produced, 
the downtime of machines, and numerous other factors. The respon- 
sibility of the foreman in the area of costs extends to a wide variety 
of activities. 


RELATIONS WITH WORKERS 

The foreman necessarily plays an important part in maintaining good 
relations with employees. He represents the management in his con- 
tacts with workers, and his relationships are close and continuous. He 
understands the attitudes and the problems of workers much better t han 
others in the management. Effective worker co-operation cannbt be 
achieved without his support. . > 

Nature of Employee Relationships. The foreman requisitions help 
when it is needed. Although he is no longer required to interview 
and select workers, the worker must meet with his approval. When a 
worker is sent to his department for work, the foreman sees that he is . 
instructed as to the requirements and conditions of the job and that he 
is otherwise inducted. He maintains discipline during work hours. He 
sees that workers fill out their time tickets, and he approves payment 
for work done by signing the payroll sheets. He makes sure that speci- 
fications are followed and informs workers of changes in specifications. 
As a leader, the foreman aids in the training and development of 
workers. 

The foreman can meet his responsibility for handling employee prob- 
lems only if he has the support of persons higher up the line. He should 
have authority commensurate with his responsibility, and he should 
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know just what his authority is in various situations. In certain cases, 
he might have authority to issue a warning or to give a reprimand. In 
handling minor problems, he might be given authority to act without 
making any report to his superior; and in other cases, he might be 
authorized to act but required to make a report of the circumstances. 
In serious cases, he might have no authority to act but would be expected 
to refer the matter to his superior for instructions or recommendations. 

As manufacturing processes have become more mechanized, the num- 
ber of operators supervised by each foreman has decreased while the 
value of machinery and equipment in a department has increased. If 
machines are fully automatic and the materials are moved from one 
workplace to another by materials-handling equipment, production-line 
workers may be entirely eliminated. In such cases, the foreman becomes 
a. supervisor of technical operations. His human relations would remain 
important because of his contacts with maintenance men, engineers, and 
other persons in the management. 

Communication with Workers. The foreman is an important link 
in the channel of communication to and from employees. Most of the 
communications between foremen and workers are oral, and the writ- 
ing of numerous memorandums indicates a lack of personal contacts and 
of personal understanding. For a new employee, communication from 
the foreman begins with an explanation of departmental regulations, 
introduction to fellow employees, assignment to a job, and explanation 
of what is expected. Later communications concern assignments to new 
work and the discussion of specific problems or developments, such 
as needed changes in working^, conditions, investigation of accidents, 
and assignment to new work. The worker is expected to communicate 
to the foreman a report of any difficutly he may have in maintaining 
quality standards, meeting production schedules, or understanding in- 
structions of work to be done. He also reports to the foreman concern- 
ing any absences. The foreman keeps his own superior informed of 
developments within the department. 

If the foreman is properly to perform his function in communication, 
he must receive adequate communications from his own superior at the 
next level in the chain of command. Information transmitted to him 
might include a foreman’s manual on company policies, copies of the 
union contract, copies of the minutes of grievance committee meetings 
and decisions rendered, and executive orders. Information on current 
developments and proposed changes may be transmitted through daily 
contacts, interviews, and discussion meetings. Communications may con- 
sist of information, advice, or specific instructions. 



104 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


Handling Worker Complaints. A complaint is defined as a spoken 
or written dissatisfaction brought to the attention of a management or 
union representative. A grievance is a complaint which has not been 
properly handled by the management or possibly by the union officials. 
It may have been ignored or dismissed without due consideration. Com- 
plaints and grievances may concern wages, supervision, seniority rights, 
promotions, and general working conditions. 

The foreman should investigate the facts concerning all complaints, 
which come to him. If he finds that the complaint is justified, he may bej 
able to correct the difficulty. He may find it necessary to inquire what' 
the policy of the company is concerning the question at issue. If he is 
not informed as to company policy, he may communicate with the gen- 
eral foreman, who may consult the division chief; or he may have to 
ask for a ruling in case no policy has been established. 

In some cases the employee may make the complaint to the union 
steward. The steward is an employee of the company who has a regular 
job but represents the union in dealing with the foreman. Cases re- 
ferred to the steward are usually settled by a conference between the 
foreman and the steward. If an agreement cannot be reached, the fore- 


man may refer the question to the general foreman. The case may be 
carried to the division chief and the works manager. The shop steward 
will also refer the question to his superior officer in the union organiza- 
tion, who may be the business agent or the chief steward. Above thg 
chief steward are the executive committee and the president of 


The handling of worker complaints may create a situation 
for much tact because the steward is also a worker. As a wor^^Jjje : ,is 
a subordinate of the foreman in the ordinary man-boss relatiq|p3jvand 
as a steward he is the equal of the foreman because he re jd j p ttgltS the 
union. The steward may have received training from the ugj£oip in the 
handling of complaints and grievances, and he may be moire, familiar 
with some aspects of labor regulations and procedures thttntfae fore- 
man. In any event, the foreman is required to change his &#>od of 
dealing with a subordinate when that person changes his role and be- 
comes a spokesman for the union. 

If a grievance is to be carried to the higher levels in the organization, 
rise foreman should ask that the worker prepare and sign a written 
statement. This plan has several advantages. If a worker must sign a 
.•written statement, he is likely to tone down the charges and to : state 
. facts Correctly. In many cases the result is that the employee H| 
'^e„teatttt : in * somewhat d iff er en t light, and J$jjj 
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draw the complaint. A second advantage is that both the foreman and 
his boss can see precisely the question at issue. The difference between 
the foreman and the worker can then be reduced to a question of fact 
or of principle. A third advantage is that the keeping of records by 
the foreman is facilitated. The next time the same issue is raised, he will 
know the policy of the company relating to the question. The decision 
may also be communicated to other foremen. 

If possible, the foreman should not permit a complaint to become a 
grievance. The fact that a worker thinks he has a grievance is in itself 
undesirable. A grievance may indicate a lack of attention to the diffi- 
culties of the worker, or it may indicate an inability of the foreman to 
show the worker wherein his attitude is wrong. Because of his close 
contact with employees, the foreman has been called "the front-line 
personnel man." 


RELATIONS WITH OTHER MANAGEMENT PERSONNEL 



As a member of management, the foreman has numerous contacts 
with other people in the organization. His contacts extend to his 
immediate supervisor, and indirectly to others in the scalar chain. He 
also has frequent contacts with other foremen and with persons in de- 
partments performing staff functions. 

; Transmitting Information. Executives at the higher levels of man- 
lent may keep informed of the problems and attitudes of workers 
»h oral and written communications from the foremen and the 
in middle management. Reports of this kind are very im- 
jr the executives who do not have direct contact with workers 
and ctKM^ions on the production line. In some cases, the inadequacy 
of upvMttdt communication concerning workers’ problems has given rise 
to the development of personnel departments and has encouraged the 
growth of unions, which provide additional channels of communication. 

Communication up the line is important to both the foreman and 
middle management. Reports to higher levels are used to judge the 
efficiency of the foreman and his success in keeping the work moving 
on schedule. Middle management also needs to be informed in order 
that activities of different departments may be propferly co-ordinated 
end that corrective action may be taken when necessary. However, the 
to control upward communications from his depart- 
his record may be reported in the best light and that 
rly criticized by his supervisor. 

' communicates with foremen in other departments 
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and with representatives of departments which perform staff functions. 
The staff personnel may create problems for the foreman because the 
staff has its own channels of communication. When a representative of 
a staff department comes into a line department he may send informa- 
tion up the line which the foreman would prefer not to have reported. 
For this reason, the foreman may prefer to handle his own problems 
without calling upon the staff. This attitude defeats the purpose of 
management in providing for departments to assist the foreman with 
certain types of problems. I 

In making his reports, the foreman usually would prefer not to in-\ 
form his supervisors of difficulties which are due to his own mistakes. 
If he is having difficulty in meeting a schedule, he may not report the 
situation unless he thinks his superiors may learn of it from some other 
source. He is anxious to submit favorable reports of quantity production 
and unit costs. However, if the reports this month are very good, an 
equally good report may be expected next month. Consequently, the 
foreman may be as interested as the worker in seeing that current per- 
formance sets a standard that can be comfortably met in the future. A 
standard that is too tight will not allow for delays or mistakes. 

Co-operation is made easier for the foreman if he is made to feel 
that he is really a part of management . 1 He should be notified in ad- 
vance of changes affecting his department. He should receive proper 
credit for good performance in such matters as production, safety, and 
personnel relations. He should know company rules and regulations in 
order that he may know what position to take concerning problems 
which arise. All orders affecting his department should be transmitted 
through his office. 

In order that foremen may be properly informed, some companies 
hold weekly or monthly meetings of all members of management. At 
such meetings, current developments relating to the company are con- 
sidered, such as changes in production plans, scheduling of work, main- 
tenance, and expansion. The production records of various departments 
are graphically displayed on blackboards or bulletin boards, and the 
reasons for failure to meet schedules are considered. Mere mention of 
the cause may be sufficient to correct it. Members of management, from 
general manager to foreman, may be permitted to present a problem in 
which others may be interested. Meetings of this kind serve not only to 

1 For an excellent discussion of the relationships of the foreman, see Burleigh B. Gardner 
and David G. Moore, Human Relations in Industry (3d ed.; Homewood, 111.: Richard D. 
Irwin, Inc., 1953), chap. iv. 
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keep all members of management informed but also to build up the 
self-respect and morale of the foremen. 

Relations with Staff. The staff departments with which the fore- 
man establishes regular contacts include maintenance, standards and 
methods, engineering, safety, employment, inspection, planning, cost 
accounting, and stores. He may request the services of the maintenance 
department when he believes a machine needs repairs or adjustment. 
The standards and methods department sets the standards of per- 
formance for each task. The foreman may call its representative to re- 
examine any standard which he believes to be too tight or too loose. 
If a worker has difficulty in meeting the quotas set, or if he can meet 
the quota too easily, the foreman may ask that another study of the 
task be made. However, the foreman may not report that a standard 
is loose; because of his nearness to the worker, he may prefer that all 
standards be such that they are easily met. If the workers meet the 
standards, they will not complain. If they cannot meet them, they 
may cause trouble by making a complaint. Moreover, if the standards 
are loose, production may be maintained on days when things do not 
go just right. Loose standards may provide the slack to compensate for 
delays in production without the necessity for detailed reports of diffi- 
culties. 

The engineering department investigates the possibilities of improve- 
ments in layout and rearrangement of equipment or in the design of the 
product. If a worker has difficulty in turning out a part according to 
specifications, or if he finds that a part does not function properly when 
the product is assembled, he notifies his foreman, who in turn may 
notify the engineering department. However, the calling of the engi- 
neering department may be interpreted as a confession of incompetency 
on the part of the foreman who would ordinarily be expected to instruct 
and assist workers in meeting specifications. Usually, the engineering 
department must find out for itself the weak spots in the layout, the 
arrangement of machines, and the design of the product. An objective 
of top management in its contacts with foremen is to make them more 
cognizant of the services rendered by staff departments and more willing 
to make use of them. 

Although the foreman is expected to co-operate with various line and 
staff people in carrying out company plans and programs, he may not 
actively participate in the formulation of the plans and the development 
of programs. The reason for this neglect of the foreman usually is that 
he has too many other duties and that his point of view may be limited. 
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Furthermore, the company organization may include many foremen, 
and the authority for company policies and programs is necessarily 
centralized at the higher levels. This situation complicates the problems 
of the foreman and explains the name of "marginal man” which is 
sometimes given to him. 


COMPENSATION OF FOREMEN 

Foremen are usually paid a weekly or monthly salary. This method 
of payment has a basic appeal provided the salary is sufficiently high\ 
to provide a satisfactory differential above the pay of the people whom 
he supervises. A difficulty may arise if workers put in sufficient overtime 
to enable them to earn as much as the foreman’s salary, or more. A 
pay raise for workers frequently requires an increase in foremen’s 
salaries to provide a satisfactory margin of difference. 

Some companies provide for incentive pay for supervisors in addition 
to the basic salary. Some such plans base the extra compensation upon 
the performance of workers in the department. The bonus may depend 
upon the number of workers who meet production standards or some 
other measure of their efficiency, attendance, labor turnover, or safety 


record. According to another plan, the foreman’s bonus depends upon 
his ability to keep down controllable costs, which are those elements 
of expenses or cost that he authorizes or controls. Before such a pljfl 
can be effective, the authority of the foreman should be carefully 
fined, and the basic salary paid to him should be fair. The amoiMfesH- 
the bonus should be large enough to build up his interest, an<yj£$gj$e»' 
tails of the plan should not be too complicated. 


TRAINING OF FOREMEN 

>**>.-■ A 

'' ‘ 

In time of business expansion when new plants are be£%.ptit intoV 
operation or new shifts are being added, special attention afijquld be 
given to the problems of the training of supervisors. At other tunes, 7 
the normal rate of turnover may require special training programs for 
the purpose of maintaining loyalty and enthusiasm and of keeping fore- 
men abreast of developments in company programs, technology, and 
other problems. 

^election for Training. Training for the position of foreman is 
given either at the time of promotion or at a later time when improve- 
ment in some area seems to be needed. Promotion to this position 
should be based upon an analysis of the duties of the position, the traits 
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required for successful performance and the rating of possible candi- 
dates for the position. A person is not necessarily qualified for promo- 
tion merely because he is a skilled draftsman, has had long experience 
with the company, or has completed a course of formal education. A 
training program will not enable a person who lacks the essential per- 
sonal traits to become a good foreman. The selection of foremen is 
usually made on the basis of an evaluation of employees by super- 
visors at different levels in the management. 

Training in Management. A person has a difficult adjustment to 
make when he ceases to be a worker and becomes a part of manage- 
ment. He may be afraid of making mistakes and therefore may be 
hesitant to take action; or in his anxiety to prove himself worthy of 
his new position, he may act hastily. If he asks for assistance, he may 
be accused of incompetence. If he does not ask for assistance, he may 
be accused of overconfidence. The problems of the foreman are further 
increased by federal regulation of labor relations which makes the 
employer liable for such acts as enforcement of arbitrary rules, dis- 
crimination, or firing workers without cause. 

Some training courses are designed to facilitate the entry of foremen 
into the ranks of management. The course for new foremen is given 
after promotion rather than before. If the program were given before 
promotion, the man would have to return to his job to wait for an 
opening. In the meantime, he would be subject to the jealousy and 
Ipfefc picion of the other workers. The man would also lack motivation 
^^puse he might never be made a foreman. 

gibing in Company Organization. One type of training pro- 
foremen is intended to give them an understanding of the 
orgil^n of the company. It may begin with a series of meetings, 
lectai^amd conferences with top management. Each of the executives 
may discuss his work in relation to the work of the foremen. The fore- 
Conducted through the various offices. In conferences with 
tiie the sales manager, the controller, and other officers and 

also with the heads of such departments as employment, engineering, 
purchases, stores, and maintenance, the foremen are made to see that 
the company is an assemblage not only of machines but also of persons. 
The relation of the foremen to each of the various executives of the 
company is indicated. The purpose is to show that top management and 
the staff departments perform necessary services. 

Because the foreman comes into close contact with the workers and 
may influence their attitudes and thinking concerning company activities 
and policies, he may require training to develop proper attitudes of his 
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own. The training program may therefore attempt to give him a better 
understanding of the system of private enterprise and the place which 
the company seeks to occupy in the system. It would show the necessity 
for a profit in order that the company may expand, raise capital for 
new machines and equipment, assure security of salaries and wages, 
and provide for more jobs. The course might also show the relation of 
increased efficiency to wage rates and regularized employment. If the 
foremen and workers do not have confidence in the fairness and 
sincerity of the management, such a training program may easily bej 
dismissed as propaganda. 

Technical Training. In many industries, the work of foremen has 
become increasingly difficult because of mechanization and the applica- 
tion of science to the processes of production. A training program may 
attempt to acquaint foremen with new methods of production, new 
machines, control mechanisms, problems of maintenance and repair, the 
design of a new product, and the reading or interpretation of diagrams 
or drawings. Other topics that might be considered are work simplifica- 
tion or motion study, planning to make the most effective use of time, 
accident prevention, and the development of new programs to reduce 
scrap, improve the flow of work, or otherwise increase efficiency. The 
nature of the training would depend upon the needs of the persons 
enrolled. If the foremen are not convinced of the need for a program, 
they will not benefit greatly from their participation in it. 

Training in Human Relations. The need for training in human 
relations has been increased by such developments as the growing 
strength of unions, the complexities of state and federal labor legisla- 
tion, the higher level of education of workers generally, decreased 
immigration, the higher percentage of American-born workers, shifting 
age groups within the population, and the increased employment of 
women. The objectives and the content of the program in human rela- 
tions would change from time to time. Topics treated might include 
labor laws pertaining to the problems with which the foremen must 
deal, methods of dealing with unions, handling worker complaints and 
grievances, wages and financial incentives, social security and retire- 
ment plans, disciplinary measures, and the supervision of women. 

A program of leadership for foremen may be designed to develop 
a better understanding of worker motivation. It might be concerned 
with the basic desires of people, such as the desire to become a part of 
the enterprise, to gain the respect of one’s associates, to receive fair 
treatment, to feel secure financially, and to be protected from bodily 
injury. A program of training of this kind would also show the fore- 
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men what happens if the basic needs are not met. It would include a 
discussion of proper use of rewards and penalties. It is intended to 
inform foremen as to the proper methods of supervision and to induce 
them to want to gain worker loyalty and co-operation. 

The methods of training vary somewhat with the purposes. The pro- 
gram may include conferences and discussions with top management, 
conferences among the foremen for the discussion of their problems, 
and classes with a fixed program of study. A continuous program may 
consist of meetings for the presentation of news bulletins, policy an- 
nouncements, and achievements or problems of various departments. 
Visual aids, such as charts, drawings, diagrams, and motion pictures or 
slides, have been found to be helpful. Demonstrations, such as new 
work methods or safety devices, are also effective. 

FOREMEN’S UNIONS AND CLUBS 

During World War II the unionization of foremen became a press- 
ing problem. Top management feels that a foremen’s union is incon- 
sistent with principles of the organization and management of private 
enterprise. A union of foremen means that management is unionized 
because the foremen are a part of management. 

While practice varies between industries and unions, the general rule 
in the mass-production industries has been that foremen and supervisors 
have not been permitted to become members of labor unions. In a few 
industries, unions have permitted foremen to become members. Such 
an arrangement exists in the building trades, parts of the metal trades, 
and the teamsters’ union. A few long-established unions confine their 
membership to foremen. Some of the foremen’s unions are affiliated 
with the AFL-CIO, and some are independent. 

Reasons for Foremen’s Unions. When foremen organize or join 
a union, the usual reason is that they feel that they must protect their 
interests against mismanagement at the top levels. In some companies, 
the foremen have not had sufficient contact with top management 
through discussion meetings and in other ways. Their authority has 
frequently been usurped by their own superiors, and management has 
permitted them to be bypassed at times by workers, union stewards, and 
representatives of departments performing staff functions. Such persons 
may communicate directly with top management and thereby cause the 
foreman to lose control of the channels of communication as they per- 
tain to his department. 

Another reason for foremen’s dissatisfaction is the failure of some 
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managements to provide for their needs in the way that the company 
provides for worker needs. Security in the foreman’s position is not al- 
ways provided to the extent that the union demands job security for the 
worker. If a foreman is returned to worker status because of a reduction 
in output or for any other reason, he may lose the seniority which he had 
prior to his elevation to the position of foreman. In many companies, 
no procedure has been established for the handling of the complaints of 
foremen. All the machinery has been directed to the settlement of 
worker complaints. I 

Legality of Unions. In December, 1945, the National Labor Rela- 
tions Board recognized a union of foremen in the automobile industry as 
a legal organization for bargaining purposes and directed the Packard 
Motor Company to bargain with the union as the exclusive representa-\ 
tive of the foremen. The significance of this decision was not that the 
foremen were given the legal right to form a union, for they already 
had that right. The significance was that that union and its members 
had the rights guaranteed by the National Labor Relations Act. The 
effect of the decision was to prevent any interference by the manage- 
ment in the affairs of the foremen’s union and any discrimination against 
the members because of their membership. The company was also com- 
pelled by law to bargain with the foremen’s union, whether it wished to 
do so or not. 


The Labor Management Relations Act of 1947 withdrew the protec- 
tion of foremen’s unions which had been extended to them by the deg|i 
sion of the National Labor Relations Board, although it did not proMjB 
foremen’s unions. The act merely excluded supervisors from the dajttP 
tion of an employee. This provision conforms with the view 
foreman is a part of management and is responsible for much ag§|&than 
the execution of orders received from higher levels in the or^Sittatton. 
Management believes that its effectiveness would be greatly decreased if 
the horizontal line separating management and men shoul|^$>ie drawn 
above the foremen. rir, • 


Foremen's Clubs. After the federal legislation had <&xjfied. the 
legal status of foremen’s unions, many companies that had bargained 
with such unions notified them that such negotiations would be dis- 
continued. The reason usually given was that the company had consid- 
ered the union as an experiment and that the arrangement had failed to 


better relations. To replace the unions, many managements have en- 
couraged foremen to organize clubs for purposes of mutual improve- 
ment and for social activities. The clubs provide a forum for the discus- 
sion of foremen’s problems. Membership is sometimes limited to the 
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foremen of one company, and it sometimes includes foremen from vari- 
ous companies in the area. The clubs are federated into a national or- 
ganization which assists in the development of a local program and in 
the forming of additional locals. These clubs have rendered a valuable 
service, and they have raised the prestige and the quality of work done 
by foremen. 


JUDGING THE WORK OF FOREMEN 

The management should develop some plan for judging the work of 
foremen and of informing them of the respects in which they succeed 
or fail to meet the standards of the company. Usually this information 
is communicated to foremen in their daily contacts with other people in 
the management. However, some plan of reviewing the work of fore- 
men at predetermined intervals may also be desirable. Such a plan 
would require, first, that some standard of accomplishment be estab- 
lished, and, second, that each foreman be compared with the standard. 

Desirable Qualities of a Foreman. The qualities that the person 
holding the position of foreman should possess are many even though 
he now has the assistance of various facilitating departments. He neces- 
sarily knows a great deal about the technical aspects of the work, such 
as operation of machines and equipment used, the kinds of materials, 
the operations performed in processing the materials, and the problems 
fnpf care and maintenance of machines. He should know how to gain the 
^-operation of workers and how to deal with them in making job as- 
||||gj|gments, in giving commendations and other rewards for good work, 
S ^S^ | ^in istering disciplinary measures, and in handling other personnel 
jm&ilahs. He should be able to co-operate with his superior, with his 
associates in the staff departments, and with other foremen. He should 
V he ahli ^o deal tactfully and effectively with union officers. He need 
. txkhttHtlhe qualities that would be expected of a plant superintendent, 
as Tayloc^aid of the foreman in a pure line organization, but he should 
be ,a person of many talents. 

Rating of Foremen. In order that his superiors and also the fore- 
man himself may know how he is measuring up to his responsibilities, 
some companies make a personal evaluation or rating of each foreman 
every six months or every year. The foreman may be assigned points on 
each quality that is rated on the basis of ten points for each quality. If 
the rating sheet makes provision for ten traits, the total possible points 
might be 100, and the foreman might receive a total score as a percent- 
age of that figure. 
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Although the traits used in a rating sheet may be designated by a 
name such as loyalty, dependability, soundness of judgment, or ability to 
handle people, a rating sheet of this kind may be misleading to the 
management because the meanings of the traits are subject to various 
interpretations. The rating sheet may be more meaningful if a sentence 
is used to describe the trait. For example, a trait might be described 
in this way: "Consider his success in going ahead with work assigned 
and his ability to make methods improvements.” The ratings of the 
trait should also be described by phrases rather than a single word. Tht 
highest rating of the trait to which reference has been made might bet 
stated as follows: "Very resourceful; has initiative and ability; im-\ 
proves arrangement of materials and methods of work.” A low rating \ 
might be described as "needs urging” or "seldom shows initiative.” The \ 
rating sheet can be further improved if the rater is asked to cite instances 
to illustrate good or poor performance. 

Reviewing Ratings with Foremen. The rating of a foreman is us- 
ually reviewed with him, although this procedure may not be followed. 
Difficulties arise when a person is not doing well and seems unable to im- 
prove. In other cases, a foreman may be satisfactory in his present work 
but unable to qualify for a higher position. Sometimes a foreman may 
feel that a rating is unfair. In still other cases, the rater may have re- 
viewed the traits with a foreman at an earlier time and he may have no 
new suggestions or comments to make. Situations of this kind require 
understanding, sympathy, and tact on the part of the rater who discusses 
the ratings with the foremen. If the ratings are fairly made and the re- 
sults are properly used, they should improve the morale of foremen and 
increase their efficiency. 


QUESTIONS 



1. The director of manufacturing of a large clothing company says that 
every person in the management in his division is interested in quantity, quality, 
costs, and human relations. In what respects is the foreman interested in these 
problems? In what respects is his authority limited with respect to each problem? 

2. Distinguish between the responsibility of the foreman and that of the per- 
sonnel director with regard to human relations. 

3. When does a worker complaint become a grievance? How can the 
foreman prevent the complaint from becoming a grievance? 

4. Why has the foreman sometimes regarded himself as the forgotten man 
of industry? 

5. How has the function of the foreman as the source of information for 
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middle management been affected by the growth of unions? How has it been 
affected by the development of departments performing staff functions? 

6. Why might the foreman hesitate to call upon the personnel director in 
handling a disciplinary problem? If he thought that a time-study standard was 
loose, why might he hesitate to call in the time-study man? 

7. Is the method by which foremen are paid important to the management? 
Why? 

8. What is the need of the foreman for training when he is promoted to the 
supervisory position? 

9 . Should training be given before the person is promoted to the position of 
foreman or after he has been promoted ? 

10. Should foremen be permitted by the management to form unions? Why? 

11. Why might foremen desire to form a union? 

12. Should a person be advanced to the position of foreman because he is 
the fastest worker, the most loyal to the management, or the best educated? 
What other traits might be important ? 


CASES 

9. RELATION OF FOREMAN TO WORKER 

When Howard Lecper was employed by the Northern Machine Works, he 
was assigned the task of operating a semiautomatic machine for the cutting of 
gears. The work consisted of fastening two blanks on a shaft, placing the shaft 
in position in the machine, and starting the machine. A rotating steel tap would 
then move into contact with the blanks and cut them in such manner as to make 
the blanks into gears of prescribed dimensions. When the machine finished the 
Cut, it would stop automatically. Howard was expected to remove the shaft and 
the gears, insert another set of blanks, and again start the machine. He had 
plenty of time to prepare the next set of blanks while the machine was making 
the cut. 

. When Howard was inducted into his job, he was told by the foreman that 
he was expected to prepare the next set of blanks while the machine was operat- 
ing. He followed his instructions the first day, but he ran out of work in the 
middle of the afternoon. He was told to assist another worker in moving ma- 
terials for the remainder of the day. 

When Howard reported for work the following day, he found at his work 
station about the same number of blanks as he had completed the day before. He 
decided to watch the processing of the blanks until the machine had completed 
the cut, then to remove the parts, and keep the machine stopped until he had 
prepared the next blanks for processing. In this way, he kept busy at the machine 
all day and was not required to do any other work. 

After one week, the foreman observed that Howard was watching the machine 
in operation while he was supposed to be preparing the next set of blanks. He 
reminded Howard of the proper manner of doing the work, but he appeared not 
to be much concerned because Howard would finish the required number of gears 
by the end of the day. On three other occasions, he mentioned to Howard that he 
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was expected to prepare the blanks while the machine was running, but Howard 
continued to do the work in his accustomed manner. The foreman did not press 
the matter because the work of processing the gears was kept on schedule and the 
work in other departments was not delayed. 

After Howard had been on the job about six months, the company received 
several large orders for machines that would require a 25 per cent increase in the 
number of gears per day. The hobbing machine had the capacity to produce the 
gears if it was operated as the company expected it to be operated. The foreman 
was instructed to increase production to fill the new orders. He told Howard he 
was expected to increase production by keeping the hobbing machine in con-| 
tinuous operation. Howard stated that he needed to watch the machine to seej 
that it was operating properly. After a heated exchange of words, the foreman 
told Howard to go home and see if he could return the next day with a more 
co-operative attitude. 

The next morning Howard reported for work in company with the business 
agent of the union. They asked to see the personnel manager who immediately 
went into conference with them. They told him that the foreman had been 
"hounding” Howard and that the criticism resulted from a personal dislike. The 
business agent said that if the foreman did not cease the unfair criticism, a work 
stoppage would be called. After further conferences between the personnel 
manager and other executives, Howard was told that he would be reinstated in his 
job and paid for the lost time. 

Question: 

What mistakes were made in this case? 

10. THE WORK OF FOREMEN 

The plant superintendent of the Special Products Company regularly conduct 
conferences on plant management at which foremen were asked to discuss 
problems. At these meetings, he frequently heard the complaint that the 
did not have sufficient time for personal consultations with workers 
members of staff departments. At lunch one day, he mentioned this 
in talking with the vice-president for production, who asked how 
spent their time. He replied that he had no definite information on 
and the foremen seemed to be rather vague in talking about what 
vice-president, in a personal conference with the president, 
lem. After some discussion, the president authorized the vice-presidehtjp engage 
a consultant to study the demands upon the time of the foremen. 

When the consultant arrived at the plant, he first talked with the vice-president 
and then with the plant superintendent. The superintendent introduced him to 
the foremen at a special meeting called for the purpose, and he urged them to 
give their co-operation. The consultant decided that the best method of studying 
the problem would consist of an observation throughout one day to see how one 
foreman actually spent his time. He selected a foreman who had frequently com- 
plained about die demands upon his time. The consultant recorded each action 
of die foreman on a memorandum, slip of paper, and he later transcribed the in- 
formation on each slip to a tabulating card. He then ran the cards through a 
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sorting and tabulating machine to determine the total time spent at each kind 
of work. 

The tabulating cards for the 480 minutes of a working day totalled 620. Thus, 
the record showed that the foreman performed 77 different tasks each hour. 
Most of the work done was found to pertain to clerical or routine tasks. For 
example, the foreman spent 48 minutes checking on the progress of work being 
done in the department, finding out when the work would be completed, and 
planning the further flow of work in the department. He spent 45 minutes 
getting information for time tickets for work to be done, filling out the tickets, 
and distributing them to the work stations. He spent 22 minutes moving the 
materials to the next work station or arranging to have them moved. He spent 
65 minutes arranging for the proper machine tools and patterns, checking the 
tools and patterns, and instructing workers on machine set-up and operation. He 
spent 8 minutes instructing workers in the use of gages for inspecting parts and 
in checking the quality of the product. He spent 15 minutes finding a replace- 
ment for a worker who failed to report for work because of illness. Other duties 
included: investigation of injury to a worker because of a fall, 16 minutes; talk- 
ing to the safety director, 8 minutes; interviewing an applicant referred by the 
employment manager, 10 minutes; hearing the complaint of a worker concerning 
his last wage payment, 8 minutes ; and reporting materials spoiled and the need 
for a reorder, 7 minutes. He spent the rest of the time walking through the 
department to see how things were going, talking with the general foreman and 
other persons in the management, and filling out reports. 

The consultant thought that the time spent on tracing the progress of the 
work and in making assignments for new work was least productive. He recom- 
mended that a production planner be assigned to each general foreman and that 
jjhe free all the foremen from the necessity of following the progress of the work, 
|Jing out time tickets, and assigning new work to machines and workers. The 
duction planner would also be assisted by a tool specialist and set-up man who 
: that each machine was equipped with the right tools and was properly 
each new operation before the work was started, 
pnsultant found that foremen were not giving sufficient time to quality 
]d that the number of rejects was high. He recommended that an assist- 
be added to the staff of the general foreman. The quality control 
be expected to improve quality and reduce the number of rejects 
jr/that he could. He would instruct new employees, check the quality 
‘Sflttid parts being used, see that machines were properly operated, and 
see that Inspection was sufficiently close but not too close. These recommenda- 
tions were received by the management for further study. 

Question: 

What should management do about the recommendations of the consultant? 



11. PREPARING A MANUAL FOR FOREMEN 

The .plant superintendent at the Reynolds Company found that foremen 
frequently failed to co-operate with other foremen and with representatives of 
departments performing staff functions such as maintenance and production 
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planning. For example, a foreman might ask a mechanic in his department to 
make minor repairs to a machine when the repairs should have been made by a 
maintenance worker. In other cases, one foreman might call for a maintenance 
man to use an oil can to apply a few drops of oil when another foreman would 
require each worker who operated a machine to oil it. Such differences in prac- 
tices were confusing, and they frequently resulted in controversies with the union, 
which claimed that certain workers were denied an opportunity to perform work. 

As for production planning, foremen sometimes failed to follow the schedules 
prepared by the production control clerk. If they had two or three work orders, ; 
they would select the order that could be completed in least time because they) 
could make a good showing of total production for the week. However, this pro- 
cedure sometimes disrupted schedules in the department where the work was next 
processed and also delayed deliveries to customers. Foremen who were questioned 
concerning failure to follow the schedules asserted that the schedule clerk was not 
their boss and that they were responsible only to their immediate supervisor who 
was the general foreman. Similar difficulties arose in the relationship of foremen 
to other departments performing staff functions. 

Difficulties also arose concerning company policies which all foremen were 
expected to follow. These policies had never been written out in any one place 
but were embodied in executive memoranda or had been orally stated in meetings 
of foremen and their supervisors. Difficulties sometimes arose because super- 
visors regarded the policies as unrealistic. For example, a worker requested an 
advance of pay for the next month because of the illness of his wife, and the 
foreman forwarded the request to the pay office with his approval. The request 
was rejected because it was contrary to company policy, and the worker quit to 
look for a job elsewhere. The foreman knew that the worker needed money, and 
he did not like to lose a dependable worker in the department. Other misunder- 
standings had arisen because of policies concerning transfers, promotions, disci- 
plinary measures, and other problems. 

The plant superintendent discussed the problems of staff relationships and 
company policies with foremen and also with staff executives. It was agreed that 
the company should prepare a manual for foremen which would attempt to 
answer all of their questions. It was pointed out that the manual would be valu- 
able as a reference book for foremen with records of service and that it would 
be particularly helpful to any person who might be promoted to the position 
of foreman. 

Before work was started on a manual, the plant superintendent discussed the 
plan with the vice-president for production. Although the vice-president ap- 
proved the idea, he saw some danger in putting company policies in writing be- 
cause under changed conditions the management might not want to be held to a 
fixed course of action. Moreover, the organizational relationships might require 
revision under some unforeseen circumstances. However, he agreed to mention the 
matter to the president. After some discussion, the president said he thought the 
idea was good provided proper control was maintained over the contents of 
the manual and provision was made for revision. 

The plant superintendent gave the personnel director the duty of preparing 
the manual . The personnel director decided to write the entire manual himself 
rather than to have each staff department write the section pertaining to its rela- 
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tions with the foremen. He thought that some department heads might use the 
manual as a medium for enhancing the prestige of their departments. Moreover, 
the style of writing would vary with *the individual. He decided to confer at 
length with a representative of each department to determine the co-operation 
that was expected and to discuss the work of each department with the foremen 
to ascertain their points of view. If differences could not be reconciled, the prob- 
lems were referred to the plant superintendent for his decision. The personnel 
director wrote the description of his department and its policies, being careful 
not to elaborate or to devote an undue amount of space to its work. This de- 
scription was written after consultation with the plant superintendent. 

Company policies were compiled from company orders, executive memoranda, 
reports by foremen and others, and discussion with various executives. Where 
policies seemed vague, the personnel director asked for an opinion from the plant 
superintendent. The personnel director was told by some staff executives that no 
policies could be stated at present because methods would soon be changed. In 
such cases, the personnel director wrote the parts of the manual for which data 
were available, and he then pressed the executives for a statement of the present 
relationships and methods. This procedure eventually proved successful. 

After the material was in final form, it was submitted to the plant superintend- 
ent for his review and approval. Several statements of policy were referred to the 
vice-president and the president for clarification or elaboration. After final ap- 
proval, the manual was printed in such form that it could be inserted in a loose- 
leaf binder. It was again discussed with foremen who were asked to study the 
entire manual of 175 pages. At subsequent meetings foremen were given the 
opportunity of asking questions on any parts that they did not understand. 

Questions: 

1. Was a manual desirable? 

2. Was it prepared in the best way? 



CHAPTER 


7 Problems at 
the Worker 
Level 


PROBLEMS of developing teamwork within an enter- 
prise increase in difficulty at the lower levels of the organization. The 
success of the company requires a proper control over the costs of ma- 
terial, labor, and expenses. Excessive costs may arise at the machine 
where the work is done. Worker co-operation is essential to the main- 
tenance of the quality of the product and the meeting of production^ 
schedules. To gain his co-operation, management must employ 
methods of communication in order that the worker may 
what is wanted and required. Management must also provide 
motivation, channels for the handling of worker complaints 
ances, and satisfactory relationships with labor unions. The 
these problems depend upon an understanding of the 
needs of people. 

The attitudes of workers are affected by all of the condi ^p j p^ mtder^ 
which they live and work. If their attitudes are favorable, iSp3w2l.be' 
willing to co-operate in the accomplishment of group objwijitss.” If ; : 
morale is low and people throughout the organization do no $§re than 
is necessary to keep out of trouble, the results will be reflected in the : 
costs, the quality, and the volume of production. A low state of morale 
would also be reflected in complaints, tardiness, absenteeism, lack of . 
interest, an early wash-up, horseplay, and other such conduct. Dissatis- 
faction might also manifest itself in more serious actions, such as in- 
subordination, violation of company rules, destruction or theft of com- 
pany property, and quitting the job. 
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WHAT THE WORKER EXPECTS FROM HIS WORK 


A person is well adjusted if the satisfactions which he receives from 
his work are at least equal to what he expects. The development of a 
work force in which most people are fairly well adjusted may be diffi- 
cult or impossible of accomplishment because the objective of a plant 
or factory is production and not the accomplishment of personal satis- 
factions. However, something may be accomplished in this direction if 
attention is given to the basic wants of people at work. These basic de- 
sires are usually considered to be: (1) satisfactory compensation for 
work, (2) security of person and income, (3) a feeling of belonging, 
(4) social and organizational status, and (5) treatment as an individ- 
ual. No effort is made to list these desires in the order of their im- 
portance because all of them are important. The needs of the individ- 
ual are discussed in the present chapter from the point of view of the 
worker, although they influence the attitudes of supervisors and execu- 
tives as well. The emphasis changes yhen people are promoted, but 
human nature remains essentially the same. 

Satisfactory Compensation for Work. Payment for work done 
assumes major importance in the thinking of every person, although 
undue emphasis may be placed upon the wage rate. Many lists of the 
desires of workers have been compiled; in most such lists, pay ranks one 


-fourth or more of the way from the top. The ranking of the desires of 
workers is difficult, however, particularly if based on the statements of 
Bwsons questioned. If the pay is satisfactory, a person will be inclined 
'^T^tame other things first because they are uppermost in his mind at 
Moreover, people are often irrational in their statements as 
S ^j^fe tsons for their actions. 

&«£ ,: ia(K|»te of pay is considered inadequate, the reason may be that 
^.sbiae ll S& are thought to be paid more than others in relation to the 
physical effort, working conditions, or other factors. 
Diffenmjiis in pay for similar kinds of work are likely to cause dis- 
; and it will usually be assumed that the higher rate is the 

The level of pay is usually less disturbing than discrimina- 


The payment of salaries which are considered excessive has an effect 
upon morale similar to the effect of wage differentials. The pay of ex- 
ecutives may be thought to be out of proportion to the pay of em- 
ployees, even after allowance has been made for differences in require- 


1 For a similar statement, see Robert Saltonstall, "What Employees Want from Their 
Work," Harvard Business Review , Vol. XXXI, No. 6 (1953), pp. 72-78. 
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ments of the work. The pay of various persons in the organization 
cannot be determined by any measure of the worth of the services 
rendered. The differentials result from numerous factors, including bar- 
gaining power and influence with persons higher up in the organization. 
The demand of labor unions that they be permitted to "look at the 
books” arises in part from the effort to convince workers that manage- 
ment has been concealing something from them. 

While the management cannot expect to remove all of the dissatis- 
faction over rates of pay, it can do much to correct inequities and id- 
justice by paying rates that are fair in comparison with wages paid by 
other companies in the area and by adjusting rates to the requirements 
of each job. It may also be able to provide steady work and income , 
by reducing fluctuations in employment. Worker morale may also be 
improved by planning the flow of work to eliminate delays and to per- 
mit workers to earn bonuses. Annual reports, together with explana- 
tions of the items appearing on financial statements, may help to im- 
prove morale if workers can bg convinced that payments to executives 
and stockholders are not excessive. 

Security. Much dissatisfaction is due to a feeling of insecurity. The 
majority of executives as well as workers live in urban or suburban 
areas where their living expenses cannot easily be reduced during pe- 
riods of unemployment. Their outlays for food, medical expenses, and 
rent cannot be cut sharply without undue hardship; and most persons 
outside the higher income groups do not have substantial reserves of 
cash or other savings. Provision for unemployment benefits under the 
Social Security Act and for severance pay by the employer has lessened 
but not eliminated the feeling of insecurity. ^ 

A question which has long been uppermost in the minds of working 
is how long the work will last. The older person wants protectin'' 
against the younger ones, and he finds a plausible reason in die argu- 
ment that his experience makes him more valuable to the employer. A 
desire for security of employment and of wage rates is one reason for 
opposition to the employment of Negroes, women, and other* groups. 
Many workers believe in a limited membership in their trades. The^ 
usual reason is that, if the trade becomes "crowded,” there will not be\ 
enough work for all. The desire for security is a reason for restrictions 
on admission to unions and for high admission fees. Security is also a 
reason for placing restrictions on the kinds of work a member of the 
union may do. 

The dropping of workers in slack times in reverse order of seniority, 
that is, dropping first the workers with shortest periods of service, gives 
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the older workers some assurance of steady employment. A measure of 
security for other workers may be achieved by spreading the work among 
all employees regardless of the length of service or giving preference to 
persons with dependents. Frequently, the employer would prefer to base 
layoffs on merit in order that he might keep the most efficient workers 
or those who show promise of developing into executives. The union 
contract usually makes provision for layoffs and also for rehiring when 
more workers are needed. It may permit the employer to make excep- 
tions to the usual seniority rules in the case of persons who are in the 
executive development program or who are considered by management 
to be potential executives. 

Management can relieve the fears for security by informing workers 
of proposed changes. Uncertainty is created by rumors of changes in 
the design of the product, the layout of the workplace, or methods of 
setting standards. Such changes are often less serious than they are re- 
ported to be. A proposed change in the assembly line, for example, may 
create no real threat to security. A design of the new system together 
with an explanation posted on the bulletin board or published in the 
plant magazine may assure workers that their jobs are secure and per- 
haps that their work will be made more pleasant. 

Management has many reasons for its accident prevention programs, 
and an important reason is their effect upon worker morale. If a person 
has a safe place to work, he is a better worker because he is relieved of 
one cause for worry. The same is true of measures that are designed 
to provide proper work conditions, such as the elimination of dust and 
dirt in the air, excessive heat, excessive humidity, and contamination by 
jpnes. Medical and dental care and the reduction of fatigue by the in- 
stallation of machines to do heavy lifting have a similar effect upon 
morale. Such programs are important for their effect upon both the 
mental attitude and the physical comfort of the worker. 

In addition to the possibilities of unemployment, accident, and ill- 
ness, the worker may face the prospect of old age without adequate 
fi nan cial support. Old-age benefits under the Social Security Act are 
now compulsory, with contributions by both the employer and the em- 
ployee. However, the benefits are not large, and the employee faces the 
risk that the purchasing power of money may decline to such an extent 
that he cannot maintain himself on the payments. To be sure, large 
numbers of persons now employed will not live to advanced age and 
will therefore not be confronted with the situation which they may fear. 
The effect upon morale arises from the uncertainty. Managements have 
provided many plans to increase security. Financial plans include pro- 
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vision for employees to purchase stock in the company, the organiza- 
tion of credit unions, group insurance for death benefits, and group 
hospitalization and health plans. 

A Feeling of Belonging. Usually, the person who is employed by 
an enterprise would like to feel that he is recognized as a member. He 
would like to believe that he has a voice in decisions which affect him. 
Failure of management to allow worker participation in decisions on 
matters clearly affecting them is one reason for unionization. Union 
members can participate in union meetings and elections; and, indirect^ 
through the union, they can participate in the formulation of company 
plans at the lower levels. Worker participation in decisions is not easy,\ 
and it can never be continuous. 

The willingness of management to inform workers in advance of pro- 
posed changes gives employees a feeling that they are a part of the 
company. The types of information given will naturally vary with the 
requirements of the particular situation. Announcements may pertain 
to changes in policies and practices as to working conditions, hours of 
work, new employee services, and the activities of persons in the man- 
agement as individuals. Much information cannot be publicized be- 
cause it would be made available to competitors and others outside the 


company. 

As a part of the plan of keeping workers informed, some companies 
make annual reports to employees. The typical report summarizes the 
financial results for the year in an informal and conversational manner 
It tells something about the stockholders, how many there are, hgjjp: 
many shares each owns on the average, where the stockholders 
and how much was paid to them in dividends. In a similar vein, 
of the directors, officers, distributors of the product, and consun^^p|Sj 
purpose is to show the employee that he is one of a group at^drffjxtsill 
persons in the organization make certain contributions. It Jgiata^ed,. 
to convey to the employee the idea that he is participating i^tt'ftnpor- 
tant project. t.' ?- 

The proper timing of communications may greatly incre ase;. t feeir ef- 
fectiveness. A report may be made prematurely, or its ttlt A may btQ. 


too long delayed. When announcements of contemplated capjjjes are 
delayed, rumors may be circulated and the facts may be distorted. Er- 
roneous impressions are not entirely corrected when the facts are later 
made known. 


Organizational and Social Status. Status is the position which a 
person hoick in the formal and informal relationships of any group. It 
is the respect and the authority given to him. Status determines the 


'J>4 
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privileges, rights, duties, and obligations of a person in relation to 
others in the group. Status mayalso place restrictions or prohibitions 
upon the actions of a person. For example, a supervisor would be per- 
mitted certain privileges and he would be required to perform certain 
duties because of his position, but he would also be expected to refrain 
from doing certain things that would be permissible to his subordinates. 
Likewise, a member of the executive group would have certain rights 
and privileges, and his conduct would differ in certain other respects. 

Organizational status exists by reason of the position which a person 
holds within the company and the title that may pertain to the position. 
Social status is the position which the person has in his informal rela- 
tionships with other people. It may be enhanced by organizational status, 
but a person is not required to have a high position in the company to 
command the respect of his associates and to be able to influence them. 
Some people do not aspire to gain a higher organizational status be- 
cause of the increased duties and greater responsibility that would be 
attached to a higher position, but most people enjoy having the respect 
and good will of their associates. 

The social groups within any plant bear many resemblances to social 
groupings in any other society. The most marked distinction is between 
the workers in the shop and those in the office. 2 Workers in the office 
often have a feeling that their social status is superior to that of workers 

the shop. This feeling is sensed by shopworkers, who may argue 
inainst it but nevertheless recognize it. Because such a difference exists, 
HBap workers would usually consider a transfer to the general offices to 
&lgl&*p romotion. 

for group approval may assist or defeat the purposes of man- 
agef&BBt.. Frederick W. Taylor found when he became foreman at the 
Hli^i^teel Company that the informal organization of the workers 
wasopp£8gd to any increase in output. Since each person desired group 
approm3 f :: ^ylor had great difficulty in securing the co-operation of the 
men andir getting them to accept his idea of what constituted a fair 
"aday’swc^Tn the studies at the Hawthorne plant of the Western Elec- 
itric vjuimaiity, it was found that the workers had developed standards of 
> Conduct '3%ich each person was required to observe if he was to be 

‘ > * ; ' ' *•+£ t 

l 

^For discussions of social groups within the factory, see F. J. Roethlisberger, Manage- 
mem and Morale (Cambridge, Mass.: Harvard University Press, 1941) ; F. J. Roethlisberger 
4hd W. J. Dickson, Management and the Worker (Cambridge, Mass.: Harvard University 
ft*es, 1959) ; Burleigh B. Gardner and David G. Moore, Human Relations in Industry 
(5d ed.; Homewood, 111.: Richard D. Irwin, Inc., 1955) ; Wilbert E. Moore, Industrial Re - 
imkkftt and the Social Order (New York: Macmillan Co., 1946) ; Robert Dubin, Human 
) U^fdsjons in Administration (New York: Prentice-Hall, Inc., 1951). 
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accepted. According to the code a worker should not do too much work, 
or he would be regarded as a "rate buster.” If he did too little work, 
he was a "chiseler.” If he said anything to a superior which might get 
one of his associates into trouble, he was an "informer.” Straw bosses 
who acted officiously also lost favor with the group. 

The fact that most workers desire the esteem of their fellow workers 
can be used to strengthen the spirit of the organization. Many symbols 
are generally interpreted as an indication of success. Some symbols are 
regarded as indications of a higher level of social status and others 
indicate higher rank in the organization. Such symbols include exemp- 
tion from the requirement of punching the time clock, payment by th^ 
week rather than by the hour, receiving pay by special messenger instead 
of having to stand in line, possession of a special type of pass or identi- 
fication, the use of a certain washroom, the inclusion of one’s name in 
the house telephone book, the size of the desk, possession of a name 
plate for display on the desk, and perhaps the location of the desk or the 
workplace in a favored position in relation to the door or windows. The 
employee may also consider as significant the manner in which he is 
greeted by the foreman, failure of the foreman to call him by name, a 
request by the foreman to assist in making a new employee acquainted 
in the shop, or an assignment to a job requiring special skill. Some com- 
panies have found that loyalty may be fostered by the use of badges, 
buttons, pennants, and other such symbols. Shields for display in the de* 
partment may be awarded for good housekeeping, the best safety record', 
or other accomplishment. Recognition of this kind is probably signiEggp! 
to the worker, provided it is not relied upon as the only incent^pj^^r. 

Treatment as an Individual. The worker has a right toc ^ b i pB^ 
treatment as a human being. This statement implies not only 'tlifetiefr 
tain things be done but also that they be done in a way that indicates 
recognition of the dignity and worth of the individual. This -attitude is 
reflected in almost everything that people in the management do in deal* 
ing with workers. It first appears when the applicant is interviewed for, 
his prospective job. The interviewer may consider the applicant as-* 
person who has the problem of finding work to support himself and h^B 
family, or he may treat him as a possible factor in production. When tin! 
applicant has been accepted and is to be inducted into his job, the fore* 
man may seek to allay his doubts, quiet his fears, and make him feel at 
home with his fellows, or he may limit his induction procedure to a 
sketchy statement of what the job requires. After induction, treatment 
as an individual would mean that an effort is made to correct employee 
grievances, that a person who is having difficulties would be shown how 
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to improve, and that he is credited with satisfactory work. When a per- 
son leaves the company, he should be treated as courteously as he was 
treated in his employment interview. 

Individual Attitudes and Social Relationships. Some of the fac- 
tors in employee attitudes seem to be individual and others appear to 
result from group relationships. However, none of the factors can be 
separated from the relation of each person to his fellow workers. Com- 
pensation for work, for example, is a relative matter, and pay is con- 
sidered as fair or unfair only by comparison with the pay of other work- 
ers. Furthermore, the worker gains both self-respect and increased re- 
spect from his associates if his pay is higher than the wages of other 
workers. Similar considerations apply to increased security. In hand- 
ling any worker problem, management deals with a member of a group 
rather than an isolated individual. 

Differences between Workers. While all workers are motivated 
by the same basic desires, they differ in the emphasis they place upon 
them. Their attitudes are affected by a great many personal differences. 
For example, young men may consider the opportunity for advancement 
to be most important, while older men might place greater emphasis 
upon security. Young women may regard their employment in industry 
as temporary and they may therefore be most interested in working con- 
ditions and rates of pay. Later, they may become interested in the op- 
, portunity for advancement and in security, provided they have not mar- 
ried in the meantime. The attitude of single men will differ from that 
o£.inarried men. Employee attitudes are also affected by such factors 
p^ ^ pealth. the number of dependents, political affiliations, religious 
union membership, previous experiences with the company 
|^^'''''with other employees, and the psychological make-up of the 
: . individual. 


. ' Handling Morale Problems. Although the factors in employee 
morale as discussed in the present chapter may be assumed to be im- 
- portant in every situation, some factors may be considered by employees 
iSfjp be more important than others. The first step in the development of 
Jitter human relations, therefore, consists of an analysis of the existing 
fsptuation from the point of view of both the individual and the group 
to determine the favorable and the unfavorable factors. Second, man- 
agement should, consider the possible corrective measures and motivat- 
ing practices that may be used. The most appropriate measures would 
then be decided upon and put into practice. Finally, the results would 
be reviewed from time to time to determine the corrective measures that 
might be taken. 
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Human Aspects versus Work Aspects. The question that de- 
mands an answer from the management concerns the extent to which 
policies should be determined by personal relationships. The question 
might well be asked, "Can management be too human?" If policies are 
designed primarily to improve morale, the objective of production of 
goods and services for sale at a profit could be neglected. For example, 
production schedules and cost considerations might suggest that tasks be 
further simplified in order that each person may perform a smaller and 
smaller part of the total work of production 'The desire of the worker 
for status and a sense of belonging might suggest that the tasks assigned 
to any one worker be enlarged. To cite another instance, the effort pf 
management to provide workers with financial security might result \n 
the provision of services that would ultimately make them dependent 
upon others for things they should provide for themselves. Manage- 
ment must find a middle ground that builds up morale without sacrific- 
ing the objectives of production and profit. High morale does not 
necessarily mean a high rate of production at low cost. 


MEASURING WORKER ATTITUDES 



Worker attitudes and opinions may be determined in many ways. 
Foremen usually know how workers feel about their jobs and about the 
company because they are close to the work situation. They can tra 
mit much information up the line provided they are given the opp 
tunity to do so. However, top management cannot be sure tha^j 
information is complete or that it correctly portrays worker 
The personnel department can appraise worker attitudes 
ways. Employee attitudes affect the reputation of the company 
out the community, and this reputation can be partial! 
through interviews with applicants for jobs. Exit or sepa^^i' 
views ^ may provide additional information, although opin^^hexpressed 
by either applicants or persons leaving the employment o£§£fc company 
may mislead the management. Statistical data for the ^pftation o| 
worker opinion include resignations, transfers, complain|&jd griefi 
ances, absences, tardiness, discharges, suggestions submittd^qd waste" 
or scrap. Such data are most helpful if they are complied by do* 
partments, jobs, age, sex, full-time or part-time workers, or Other such 
basis. ' : ; 17 ' 

Opinion Surveys. A questionnaire is sometimes used to obtam^r 
pressions of opinion from all employees. A survey of employee opinion 
by questionnaire may accomplish a great deal if it is properly conducted 



PROBLEMS AT THE WORKER LEVEL 


129 


and the results are correctly interpreted. The greatest difficulty probably 
lies in the question of how to get employees to say what they think and 
how to obtain a fair sample of employee opinion. A requirement for 
success is that personnel relations should be generally satisfactory at the 
time of the survey. Before the questionnaire is prepared, all reasonable 
causes for dissatisfaction should be corrected. Otherwise, management 
will be swamped with criticisms when the results are tabulated. 

The questions asked in making the survey usually are concerned with 
those things which are closest to the worker. They have to do with 
supervision, the attitude of the foreman, the induction and training pro- 
gram, the policy of promotions, service in the plant cafeteria, recrea- 
tion and sanitary facilities, hours of work, time studies and standards, 
safety, and other conditions of work. An attempt should be made in 
formulating the questions to find out what the worker really thinks 
about the company. 

The questions may be prepared by a committee which includes the 
foreman and one or more representatives of the personnel division. The 
questions should be short and easily understood. Each question should 
deal with only one subject. The number of questions should be large 
enough to cover a wide variety of problems. Space should be provided 
after each question to permit comments, discussion, or suggestions in 
addition to an answer of "yes” or "no.” The questions are changed 
ir each time a questionnaire is prepared. 

r The employees should be prepared for the survey by a preliminary 
ijfrpssion of the plan at a general meeting or in some other manner. 
|%j|g|prm may be accompanied by a letter stating the purpose of the 
^j^ ; 'and giving instructions as to the method of completing and re- 
fUtfttBgthe form. No signatures are required, and all answers are con- 
ffilential except for summaries. Guarantees should be given that no em- 
ployee will find his position jeopardized by his answer. 

; The best-method of distributing the questionnaire seems to be to send 

to the ho B|e, with the request that the form be filled out and returned 
iby a certain date. Mailing to the home probably results in more com- 
|plete and more worthwhile answers than the plan of having it filled out 
pit the plant on company time. Returns may be mailed in by the em- 
ployee or dropped in a box at die entrance to the plant. 

Using the Information. What is done with the return is just as im- 
portant as the preliminary work of preparation and distribution. If many 
porkers sign the returns, the results may be tabulated to show the atti- 
tude of men and women, young workers and old workers, workers in 
various departments, or other groupings. If the attitude of a group can 



130 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


be established concerning any one problem, such as the piece-rate or the 
bonus plan, standards set by time study, or safety conditions, the man- 
agement may determine that certain conditions should be corrected. If 
the workers do nqt sign the returns but indicate their departments, such 
classification as is possible should be made. The results of each survey 
should be compared with the results of earlier surveys on comparable 
questions. The report of each questionnaire may be summarized and 
made available to workers as well as to members of the 
Value of the Survey. The principal advantage of the 
questionnaire is that it reaches all workers and gives each one an 
portunity to express an opinion. It may serve to indicate whether 
plaints are coming from a minority or whether workers as a whole 
ject to certain conditions. It provides an additional channel for 
communication of information to the management. Its value depends 
upon the manner in which the form is prepared and distributed, the 
sincerity of employees in responding to the request for information, 
and the way the results are summarized and interpreted by the manage- 
ment. The most that can be claimed for the questionnaire is that it pro- 
vides some basic clues and primary data from which may be constructed 
a pattern of employee attitudes and feelings. 



QUESTIONS 


1. Is pay for work important to the worker merely because it 
necessities of life? Explain. 

2. Under what circumstances is compensation inadequate 7 

3. How can the union determine from "a look at the books” wJ^hjj k tfie 

workers should have a wage increase? 5, 

w 1,1 

4. What does a worker mean when he says that the craft or trad^^&fc&oraing 



that he 19 

lm that 
4 Worker 
worker 


crowded? 

5. How can a worker feel a ’'sense of belonging” when he 1 
not a part of management? 

6. Why might a worker be skeptical of management if hej 
should be satisfied with his wages because he is better off th 
China or Russia? Should management publish such information 

7. Distinguish between organizational status and social statist, How 

management assist workers in acquiring social status? f 

8. How does the attitude of a younger person differ from that of an older 
person? Which would place the greater emphasis upon current earnings* security 
in the job, and opportunity for advancement ? 

9. Describe the method of conducting an employee opinion survey. 

10. Of what value is an employee opinion survey? What are its limit9^m? 
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11. Tfee union sometimes daims to be the only organization that is interested 
in the employee as a human being and that the employer is interested in him as 
a source of profit. Is this a fair statefnent? 

12. Distinguish between employee morale and esprit de corps . How are the 
two concepts related? 


CASES 


12. EMPLOYEE SERVICES AND MORALE 

In 1925 James C. Lucy established a small canning factory to purchase 
spinach, beans, and other vegetables and to can the vegetables for sale to grocery 
stores in the territory adjacent to the plant. Later, in off seasons, Mr. Lucy used 
the facilities to can dried black-eye peas, red kidney beans, and similar products. 
The business prospered and eventually was placed on a sound financial footing. 

Mr. Lucy instituted many of the employee services that were common practice 
during the decade of the 1920's. Once a year he gave a picnic for the employees 
and their families. A caterer from a nearby city provided food for ajl of the 
people. Mr. Lucy always addressed the group and explained his interest in their 
welfare. He gave each employee a term life insurance policy of $500 after one 
year of service with the company. The amount was increased $100 with each 
year of service until the total amounted to $1,000. Each employee was allowed 
a paid vacation after one year of service. Employee clubs were organized for 
dominoes, checkers, bingo, and bridge. A room at the plant was set aside for 
meetings of the clubs. Once a year one of the clubs provided an evening of 
£ptertainment for all employees and their families. Other employee services in- 
fcded a credit union, a plant periodical, and a plant cafeteria. 

before Mr. Lucy died in 1947, he turned the management over to his two 
George and Raymond. George became the president and Raymond the 
tion manager. George was a college graduate in history and Raymond had 
$ in mathematics. Both had worked for several years at various jobs in 
apartments of the company. 

change in management was made, George announced that the 
ad successfully guided the company for so many years would be 
out change. However, he replaced the sales manager with a 
_ i who had made a good record with an advertising agency. Later 
-he dfe am&m treasurer in order that he might appoint another classmate who 
bad mad^ ; i^^d record with an investment banking firm. Similar changes were 
t . .JfSieSfa fe in three other top positions. 

emcees services were gradually extended to include group hospitaliza- 
afe°. st*f$||fcbenefits, coffee breaks in mid-morning and mid-afternoon, free 
sm Titles, the purchase of company products in case lots at a low price, 
Sand fifskitd 'facilities. Mr. George Lucy was confident that the employees were 
pleased "With these arrangements. 

•:‘ - ,®Seia;union organizers were reported to be in the vicinity, Mr. Lucy was not 
When a vote was taken by the employees on the question of union- 
tete^iowever, 73 per cent of the plant employees voted for the establishment 
as their agent for collective bargaining. At the first meeting between 
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Mr. Lucy and the union representatives, the union requested the reinstatement 
of an employee who had been discharged by a foreman after a heated argument. 
Mr. Lucy first learned of the discharge at this meeting. After he had heard the 
foreman give his reasons for the discharge, he agreed to the reinstatement. Mr. 
Lucy then asked the personnel manager for an explanation of the failure of the 
employee service activities and for the lack of control over the improper dis- 
charges of workers. He also asked for recommendations for correcting any im- 
proper company practices. 

Question: 

What possible explanations and recommendations might be given? 

13. WORK ON A PRODUCTION LINE 

\ 

At the packing plant of the Virginia Fruit Company, apples are cleaned, 
sorted, graded, and packed for shipment. The apples are put into wooden boxes 
as they are picked from the trees, and the boxes are shipped by truck to the plant. 
At the head of the production line, the apples are poured from the boxes onto 
a conveyor belt which moves them from one work station to another. 

The first step in the preparation of the apples for the market consists of 
brushing and cleaning. The apples are moved against a row of circular brushes , 
which rotate continuously to clean and polish the fruit. At the same time, the 
smallest apples drop down between the brushes and the end of the conveyor. 
These apples are moved by another conveyor belt to a packing station where they 
are dropped into boxes for movement to the cooking room where apple jelly 
is made. 

As the larger apples are jostled by the rotating brushes, the pressure of oth^r’; 
apples behind them causes them to pass over the brushes onto another convejjM 
belt which moves them to the sorting station. This conveyor belt is 2 4 
wide, and above it is another belt which moves in the same direction. J 
sorting station, three girls stand on each side of the belt. The girls ifes? 
apples as they are moved along on the conveyor. The vibration and the f ©reward 
movement of the conveyor belt cause the apples to roll continuously, and girls 
can easily observe the entire surface of each apple by the time it has the last 
girl. The sorters pick up the apples that have blemishes, broken or other , 
defects and place them on the upper conveyor belt which transports them to 
another packing station for shipment to the cider mill. Each sti&ter is expected 
to use both hands in picking up apples. She looks constantly at 4he lower con*? 
veyor belt and places the apples on the upper conveyor without looking up. 

After the apples pass the sorters, they move to another automatic grader wh8B 
permits the smaller ones to drop through, and then to another which permits 
next larger size to slip through to another belt. The three sizes are moved 
three different packing stations where they are packed for shipment. The packerij 
give the apples another inspection for blemishes or other defects as they placed 
them in boxes, but most of the apples reaching the packers are of good quality. 

The plant manager has found that personnel problems are most likely to irise 
at the sorting station where the girls remove the low quality fruit. For example, 
the girl at the head of the line on one side of the conveyor is Mary Brice., Slaty 
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is 23 years old. She lives at home with her parents. Her muscular co-ordination 
is below average, and she seems not (o like to work with both hands at the same 
time. The other girls accuse her of being lazy and not doing her share of the 
work. Mary has told the supervisor that she removes as many defective apples 
from the belt as any other girl and that the others have a personal dislike for her. 

Questions: 

1. What personal traits should be used as a basis for selecting workers at the 
sorter station? 

2. How should the problem of Mary Brice be handled? 




PART III 

EQUIPMENT 

AND 

WORKING 

CONDITIONS 




CHAPTER 


8 Choosing 
a 

Location 


Management is required to give attention to prob- 
lems of physical equipment as well as to people and their organizational 
relationships. Physical facilities include the building, machinery and 
equipment, and working conditions such as light, color, noise, and air 
conditioning. The building requires attention to two major problems: 
its location and suitability for production. Machinery and equipment 
raise three general problems: selection, layout or arrangement within 
the plant, and maintenance and repair. 


PLANNING FOR PHYSICAL EQUIPMENT 

The Work of planning for production facilities and of keeping ma- 
chineryaad equipment in proper operating condition is largely the re- 
sponsibility of the engineering division. The chief engineer may be a 
major executive reporting directly to the chief executive. If the com- 
pany owns or operates several plants, the engineer would be represented 
nbeach plant by an engineer who would be the head of an engineering 
fipartment under the plant superintendent. The chief engineer would 
dvise with Other executives of top management concerning the location 
' new plants, the purchase and installation of equipment, revisions of 
^ t layout which might be necessitated by changes in the product line 
-or lhe;4evelopment of new products, and the replacement of equipment 
due to’^epreciation, obsolescence, or inadequacy. He would also advise 
co n c ern ing problems that arise in case a plant is closed or moved to a 
newtocation. 
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The engineer at each plant would be under the line control of the 
local plant superintendent, but he would have a functional relationship 
with the chief engineer at the main office. He would be responsible for 
seeing that physical equipment operates efficiently, is ma intained in 
good working condition, and is overhauled or repaired when necessary. 
In meeting his responsibilities, he would work with operating executives 
including the plant superintendent and the foremen, the accident pre- 
vention manager, the personnel manager, and other persons who pet- 
form staff functions. / 1 

The Problem of Location. If a new enterprise is being latmcheal 
the decision to organize the company may follow the development of a, 
new idea for a product or a service to consumers. The inventor designs , 
the product and estimates the volume he can make and sell at a profit. 
He selects equipment necessary for its production and plans the layout 
for a plant. In the execution of the plans, the finding of a suitable lo- 
cation is one of the first things to be done. Formerly, the plant was 
located in the area in which the inventor or promoter lived. This fact 
may indicate that the promoter found it convenient to locate near his 
own home. It might also indicate that he did not thoroughly survey the 
possibilities elsewhere. In many cases, the enterprise was originally 
thought of as serving a local rather than a. regional or national market. 

The problem of plant location is very different for a going business 
that already operates one or more plants. The choice of a location ug 
such a company would depend in part upon the nature of the prodifl 
to be made in the new plant in relation to products made in exisfjn 
plants. For example, if the plants will all make the same kio^KaSE 
products, such as glass jars and bottles or metal containers, 
location might be a place near markets not now being adMpiif&jp 
served. If the new plant is to make parts for shipment jfe§ S|feting 
plants for assembly, other considerations would be more i fifta cttet. 


FACTORS INFLUENCING LOCATION 

The decision to establish a plant in any area is affecf Sjfeifi l 
many considerations, which vary in their importance witbj p py 
and the individual company. In some industries the pl a flBjfe i » 
near the source of raw materials, in other industries it sho8k||? 
the market for (he product, and in other industries it should Lt^ 
wip particular reference to transportation facilities. ^ 

N/lk^rmn to Market. Markets may be nation-wide or local. Jj 
kedgSre nation-wide, production may be centralized in one orgj 
jjIjJJs; or production may^be decentralized in many plants fli 
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consumers. Industries in which production may be centralized, even 
though distribution is national, are watches, clocks, jewelry, fountain 
pens, books, magazines, and radios. In these industries the product is 
relatively light in weight, and labor is an important percentage of the 
cost. Goods produced locally include cement, brick, cheap furniture, 
bakery products, and some metal products. 

Some processing plants increase the bulk of products or make a frag- 
ile or perishable product. Such industries profit by being near the con- 
sumer. Examples are cheap furniture, bakery products, barrels, tin 
cans, coffins and caskets, stoves and ranges, and cheap pottery. Indus- 
tries in which the fashion element is important locate near the centers 
where fashions originate, even though the product is sold nationally. 
An example is the clothing industry, which is centered around New 
York City. Hollywood has also become important as both a creator of 


fashions and a center for the manufacture of women’s apparel. 

Industries which produce goods in accordance with the specifications 
of consumers may profit by locating near the market. Examples are cus- 
tom-made clothing, draperies, and tombstones. However, it may be 
more profitable to concentrate production in a large, centrally located 
plant and forward to it the specifications of the customer. This method 
is followed by some manufacturers of Venetian blinds and men’s suits, 
v^earness to Raw Materials. Nearness to the place where materi- 
|| s are produced is a controlling factor if the materials are perishable, 
®Jky, or low in value and are changed by the manufacturing process 
||||a less perishable or less bulky product. Examples of industries that 
>!fld^ u the product less perishable are fish and oyster processing, fish 


fruit and vegetable canning, and plants for the quick freezing 
^if'BSlUndustries that make the product less bulky are meat packing, 
luoritw SSL and ore refining. In these industries, nearn ess to raw ma- 
most important T actorT THe materials may be carried 
. throfi^r^^iiFst manufacturing process near the source and trans- 
^^hippedrj ^Pb rther processing near the consumer. Lumber and metals 
£>re txaf 
3& For i 



$j||companies, nearness to the source of raw materials means 
^figthe fabricating plant which supplies parts. Although the 
jjpfaot be perishable and are easily shipped, nearness to the 
Piupplies reduces the time required in shipping, permits de- 
ro be made by truck, and enables the purchaser to confer with 
br when personal conferences are desirable, 
iportation Facilities and Costs. Transportation in terms of 
time is very important. This factor is closely related to both 
to market and nearness to raw materials. One reason for the 
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location of steelworks at Sparrows Point (Baltimore), Gary, and Bir- 
mingham is that heavy materials can be delivered to the plant at low 
cost. Another consideration is that large consuming areas are near the 
plant. The privilege of milling in transit, extended by the railway com- 
panies, has been an important reason for the location of flour mills at 
Minneapolis and some other cities in the Middle West. Grain is un- 
loaded, milled, and shipped as flour to points farther east. The freight 
rate charged is the through rate for flour plus a charge for setting off 
cars loaded with grain and picking up cars loaded with flour. Tol a 
limited extent, fabrication in transit is used in the processing of steel 
and lumber. \ 


The place where material is transferred from one method of trans* 
portation to another is frequently a good place for the location of a 
processing plant. The point where a railroad crosses a river or connects 
with lake or ocean transportation is frequently a good location. Water 
and rail transportation offer substantial advantages for moving heavy 
bulky products. Transportation costs are less important in the location 
of factories for the manufacture of such commodities as silver, jewelry, 
clocks, watches, locks, and cutlery because the cost of transporting the 
material is a small percentage of the total cost. Moreover, freight 
charges do not increase in proportion to distance shipped. The railroads 
have built up a complicated freight-rate structure with many broad zones 
in which rates do not increase. 


Highways and truck transportation have lessened the advantages $£ 
rail connections, and many plants are being constructed without diasl 
access to rail lines . 1 Some companies sell most of their output to cher 
manufacturers or to consumers within a limited area, and they may,, 
ship by means of a fleet of trucks. Their use of rail transportation may 
be limited to an occasional less-than-carload shipment. Some executives 


also believe that location on a highway has a substantial ^advertising 
value as compared with location on a rail line. Such companies may be 
content with a location that would permit the constructSpj ^ a spue} 
line from the railroad if future conditions would require!^ ' ^ 

Local transportation facilities are important for securingSrarieers and| 
executives. The value of a suburban or small-town location^ increased 
by the existence of adequate interurban and highway conne&jaons with 
nearby residential areas and with cities that afford shopping, theater, and. 


3 The importance of transportation facilities is illustrated by the plant of the Chrysler 
Corporation at Fenton, Missouri, which was built in 1960. To supply the plant, 125 freight 
Carloads and 40 trailer truckloads are required daily. (Factory Management and' Mainte- 
nance, Vol CXVIII, No. 5 [May I960], p. 91.) H ' 
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other attractions. Local transportation conditions, however, may change 
within a relatively short period of time. 

Labor Conditions. The number of workers and the particular crafts 
or skills needed should be considered in relation to the labor available 
in an area. Some factories employ young people or unskilled labor, 
while others use highly skilled or semiskilled workers. A factory which 
uses low-paid labor should be located near the workers. Highly paid 
workers, on the other hand, can be induced to travel a greater distance. 
This factor affects the choice of a city or suburban location. 

Labor cost is affected by the efficiency of labor, the number of unem- 
ployed workers in an area, the extent of unionization, the level of 
wages, the cost of living, and the housing conditions. A larger percent- 
age of native-born labor is available in some sections of the country 
than in others. In some areas, manufacturers have trained a supply of 
local labor in the skills required in a number of industries, such as 
metalworking or woodworking. Apparent differences in wage rates 
may prove to be misleading because of differences in the efficiency of 
workers in certain crafts. Another significant fact is that differences in 
wage rates within an area may be just as great as differences between 
areas. Localities with low wage rates may be found in some areas where 
wages are thought of as being high. 

Whether other industries in an area have seasonal demands for labor 
•which coincide or dovetail with the labor requirements of the projected 
' jiant is another important question. Management will have lower labor 
, costs if it can complement other industries in the area rather than com- 
pete with them. For example, a shirt manufacturer located three plants 
in northern Minnesota where the wives and daughters from the families 
of miners may be employed. Labor supply was an important factor in 
determining the location, although other factors, such as the availability 
,, of buildings for lease, were also considered. 

\ The effl&of labor supply upon plant location has been changing be- 
fcause of increasing mechanization and the control of production 
through electronic devices. As methods of production become more 
nechanize& less direct labor is required to produce a unit of output and 
gEewer machine operators and assembly-line workers are required. Semi- 
skilled and unskilled workers become less important, while a greater 
S pee d will be created for highly skilled workers such as tool and die 
makers^maintenance men, electricians, and patternmakers. Similar de- 
velopments require that management consider the number of qualified 
foremen in an area, or the number of persons who can be developed into 
good supervisors. Future foremen will be required to handle problems 



MANAGEMENT OF INDUSTRIAL ENTERPRISES 


142 


arising from the new equipment and new processes, and they will also 
be expected to comprehend budgets, material control systems, statistical 
and accounting reports, and other management techniques. Although a 
nucleus of a force of supervisors can be moved into an area, managerial 
problems are lessened if local personnel can be employed in whole or 
in part. 

Power and Fuel. Fuel and power are important to factories requir- 
ing a great deal of power, but this factor is of decreasing importance. 
Electrical power costs have been decreasing because of the development 
of more economical methods of generation and transmission. The de- 
velopment of cheap electric power has been a significant cause of the 
decentralization of industry throughout the United States instead pf 
the former centralization in relatively limited areas. The dependability 
of die power supply is exceedingly important for some industries, par 1 
ticularly those which process perishable materials. Such companies find 
an alternative source of power a decided advantage. 

As a fuel, oil has supplanted coal in some cases, and natural gas has 
also increased in importance. Both oil and gas have advantages in clean- 
liness and labor cost. If a close control over heat is required, oil and gas 
have additional advantages. These differences have sometimes caused 


plants to be located in communities that are served by natural gas in 
preference to other locations, although the extension of gas transmission 
lines is causing this factor to decrease in importance. The factor of fud 
is subject to further changes because of the mechanization of coal min » 
Fuel costs may also be affected by the development of atomic pop|| 
although this development is still uncertain. 

Vulnerability to Air Attack. Since the beginning of Woddm^^k, 
many companies have located new plants with reference toJii ifiiiifcSe 
attack by the enemy. In making loans for the financing of 
tion, the government has specified that, so far as possiblq^^^^mtu 
should be built outside certain congested areas. Another JHMjpptii 
in government requirements has been a desire to avoic dK§|§iphg;f: 
transportation facilities in certain areas and to avoic mdj Mpi iw c 
mands upon a limited labor supply. The increase in the 
sites and bombing planes has caused a shift in emphasis to|pp|$g d 
persal of facilities. The government has tended toward t gj S e d xcy a 
awarding contracts to companies outside certain congested af^fftpitl hat 
at times refused contracts to companies in congested areas if n«£j$acili 
ties would be required. The plan of dispersal seeks to reduce tfilexteai 
of destruction which might result if all of the plants producing|g§ifefif 
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ypes of supplies were located within a restricted area. However, dis- 
sersal increases some elements of cost and would create a problem of 
:ransportation if railroad yards or bridges between the different areas 
should be destroyed. The only feasible solution to this problem seems 
to be the working out of plans for international co-operation and the 
avoidance of war. 


Cost of Land. The cost of land is an important factor in choosing 
between a city location and one in a town or suburb. Suitable land is 
limited along some water or lake fronts, and a lack of adequate space 
may force the company to choose a multistory-building when other con- 
siderations indicate that a single-story building would be more desir- 
able. Many companies require space for parking facilities, adequate 
light and air, and protection against undesirable neighbors. Space for 
possible expansion should also be available, although this need is easily 
overlooked. In many cases, the available land is restricted to small par- 
cels, and zoning regulations may limit plant locations to certain strips 
or blocks that are too small to provide for all requirements. However, 
a location should not be chosen merely because land or a building is 
for sale at what appears to be an attractive price. Location is not easily 
changed, and a poor location may burden a company permanently with 
heavy fixed charges. 

Water Supply. Many industries generate large amounts of heat and 


se water for cooling as well as other purposes. Air-conditioning sys- 

S kns use large amounts of water, and a large plant can use up the sur- 
hs water supply of a community and cause a deficit. The country has 
uate supply of water, but it is not well distributed, and shortages 
jnaay areas. The principal reasons for the shortage are failure 
grater supply systems to keep pace with the increase in popula- 
fj|jh e shifting of families from one location to another. Other 
gasoarjagsEhe rapid industrial expansion and the vogue for air con- 


*’ . A ri^Pgfproblem is the existence of impurities in the water, al- 
ougb 'SUpFactor has decreased in importance because of improved 
g»elfaod kiy :softening and purifying water in large quantities. Most 
Sjfates fft liljfa ssed laws to prevent the pollution of their streams; but the 
^bastbSB ^ pf pollution by steel mills, soap factories, and other plants 
^houktyji^be overlooked. Chemical tests of water may not be depend- 
abfe'Sfjfes several tests are made at different times, for the composition 
p£MMHn streams varies with flood or low-water condition and high or 
lo<a i|fte . Some companies purify the water when it is removed from a 




144 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


river for use and purify it again before it is emptied back into the river. 

Waste Disposal. Ore-processing plants, steel mills, and chemical 
plants must dispose of large quantities of waste. They may be prevented 
by state law from dumpingVaste into streams and by local ordinances 
from piling it on land within the city. Some cities have provided public 
facilities for the disposal of certain kinds of waste. 

Building Costs. The costs of building construction do not vary suf- 
ficiently from one area to another to require much consideration. Gists 
are affected by local building codes regulating, the width of streets, the 
height of buildings, the building line, and various features of construc- 
tion. Such regulations are usually advantageous because they reduce the 
hazard of a conflagration and affect fire insurance rates. Usually, a com- 
pany is not fully protected against the losses incident to a fire even 
though it has adequate property insurance. 

Service Industries. Industries which serve others tend to locate near 
the plants which they serve. Some companies purchase gas, repair serv- 
ices, repair parts, legal advice, income and accounting services, engineer- 
ing services, statistical services, advertising, and management services 
such as might be rendered by consultants. A new company usually pur- 
chases many services which it provides for itself after it has become 
established. A newly organized company could profit by a location 
which is accessible to service industries. 

Taxes. Tax rates differ from one locality to another, and some states 
depend more upon certain kinds of taxes than do others. For example; 
one state may levy high corporate and personal income taxes, while ansi* 
other may levy heavier property or sales taxes. However, the heaviest 
taxes are now the federal income, excise, and social security taxes^which 
must be paid regardless of location. Moreover, most of the slates are 
seeking new sources of taxes for roads, schools, and other such pur- 
poses, and the possibility of permanently reducing taxes through plant 
location is not promising. Some tax advantage may be. gained by a 
small-town location as compared with an urban site, butiirthe choice 
of a small-town or urban location other factors might fc^even more 
important. r- 

Industries Which Use By-products of Others. Steel companies ii 
Detroit us e scrapmietal from automobile and other metalworking plant 
in die area. Toy manufacturers use scrap metal in the manufacture o 
toy airplanes and automobiles. Many articles are made as byproduct 
of meat packing. Gas is a by-product of coke. The manufactutsstof th 
main product may himself utilize the scrap in making a by-product, an 
in that case he must consider the question of the most profitable loeatio 
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of the by-product processing plant. This problem is a special phase of 
nearness to the source of materials. 


Climate. Workers are presumed to do better work in some climates 
than in others. Extremely cold, hot, rainy, or dry climates are not desir- 
able. The most important question is whether workers, foremen, and 
executives and their families would object to living in an area. Air con- 
ditioning within the plant may make it possible to provide good work- 
ing conditions even in a location with poor climate, but complete air 
conditioning is expensive. However, industries which require controlled 
air conditions for manufacture of the product, such as humidity in textile 
mills, temperature in candy factories, or dust removal in fine manufac- 
turing, cannot usually rely upon natural air conditions in any area. 

Financial Aids. Some cities grant tax exemption for a number of 
years or donate land in return for an obligation to maintain a minimum 
labor payroll for a stated number of years, or civic groups may sell stock 
if a plant is located in the city. A corporation should look at the "gift 
horse” before accepting it. The aid rendered may be more than offset' 
by disadvantages in other respects. 

Civic Values. Numerous features of community and civic life con- 
tribute to the desirability of the city or town as a place for employees 
to live. If the city provides many services for its residents, the worker 
and his family may receive benefits which are properly a part of his real 
wage. The benefits include public health services; public playgrounds; 


japblic schools, including night schools for adult education; museums; 
jrejcnd concerts; sewage and garbage disposal; hospitals; police and fire 
protection; and charitable organizations. Facilities for paid amusement, 
transportation services, shopping centers of various kinds, and the char- 
acter of residential districts are other community factors. As the popula- 
tiontion of an area increases, many such services may later be provided 
by the <dtj^ by civic organizations, or by the company itself. In the 
meantime^ifficulty may be expected in maintaining a satisfactory labor 
; force if tbe;services are inadequate. 

The company that moves into an area with a new plant should con- 
sider not only the facilities available but also the demands that the com- 
>any and its employees will make upon such community services as 
fcbools, libraries, hospitals, housing, parking, traffic control, parks, and 
ii&ther facilities for recreation . 2 The company may be required to assist 
in the ^.development of such services either because of business neces- 
sities orbecause of a sense of obligation to the community. The mainte- 


* Fw 1 discussion and illustrations, see Wesley C. Calef and Charles Daoust, What Will 
' Industry Mean to My Town? (Washington, D. C.: U.S. Government Printing Office, 1953). 



146 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


nance of good employee and community relations requires attention to 
these problems. 

CHOICE OF TOWN OR CITY 

A decision that should be made early in the planning for new facili- 
ties concerns the location in a suburb, a small city or town, a large city, 
an industrial park, an entrance to a superhighway, or a town that is built 
with particular reference to the needs of one company. Each of these 
possible choices requires some discussion, . «• j 

Suburban Location. The tendency in recent years toward suburban 
location has been hastened by improved transportation, particularly tne 
private automobile and the bus, which have made it possible for work- 
ers to reach their work easily and quickly. If roads are good and lightly 
traveled, labor can be drawn from a radius of about thirty miles. Beyond 
that distance, skilled craftsmen can be induced to accept jobs only if 
special advantages are offered to them. Workers who live in the suburb 
may have more living space, while they may also enjoy some of the ad- 
vantages of the city. 

The lower prices of land in the suburbs make possible the one-story 
building, which has many economies in certain types of operations. 
Space may also be provided for possible future expansion, for parking 
facilities for automobiles and trucks, and in some cases for storage of 
certain types of materials in the yard. Taxes may be lower, and zoning 
regulations may be less stringent. Jj 

Suburban locations are subject to certain limitations. As the popui; 
tion increases, suburban tax rates may catch up with city rates becttiSfe 
of the increased need for various services. Local governing auth^lties 
and service industries may offer the new enterprise less assk$u&e in 
planning for streets and other facilities. For these reasons, jgnsy com- 
panies prefer a site on the fringe of populous communitM^p jnside 
city limits. Jppfe -'- 

Small-Town Location. When a large company ded5 |Eg poti the • 
small town as a desirable place for a plant, it usually o Jw two or 
more plants in as many towns. It attempts to utilize a locnp** force 
and to gain other advantages that may be gained by such ^^^bns. ; 

The plan of operating several plants in different locatic j j ^ig called 
dispersal . Facilities are dispersed instead of being concentrlfipt-jEacfi 
plant presents its own problems of building design, locatioq ph yout, 
organization, machine maintenance and replacement, expanfl|J|/aad 
the like. Traffic congestion is lessened, and the possibility of by 
fire, windstorm, and enemy attack is reduced. 
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The location of plants in small communites is also called decentral- 
ization of physical facilities. The operation of several plants may neces- 
sitate some decentralization of 1 authority because local managers may 
be in the best situation to make certain kinds of decisions or to handle 
certain types of problems. The plan of decentralizing facilities may 
therefore depend upon the willingness of management to decentralize 
authority. 

The plan of decentralization assumes several forms. In some cases, 
certain parts and subassemblies may be manufactured in feeder plants 
located a short distance away from the assembly plant. The parts can 
be shipped to the assembly plant by truck within a few hours or possibly 
by an overnight trip. Instead of requiring workers to travel considerable 
distances to the plant, a part of the plant is moved to the workers. For 
bulky products such as automobiles and electrical appliances, the assem- 
bly plants may be located at considerable distances from plants making 
parts or accessories. Another form of decentralization is the setting-up 
of a complete production line in each of the plants located in different 
areas. This plan is feasible for a bakery, a shoe company, a textile mill, 
or a fruit-canning company. With this form of decentralization, the 


plants may be located in distant sections of the country. Another form 
of decentralization provides for specialization between plants, with cer- 
tain products being manufactured in each plant. Examples are food- 
processing companies and companies manufacturing a variety of prod- 


i, such as chemicals, paints, and salad dressing. 

^ Decentralization is designed to improve labor relations. Workers may 
: jjtti n man y advantages in living in a small city or town. Some costs of 

I rent and transportation, are less; the same money wages 
al wages; and younger members of the family may live 
hey work. In small cities, workers may own their homes 
n opportunity to do gardening, fishing, and various odd 
ers are more likely to know each other personally, and 
with their foreman are often personal and informal. A 
osphere is established inside as well as outside the plant, 
of view of the company, the people in small cities and 
ply for work are often very good workers. The high 
; in small communities is usually inclined to stay with 
provided that he is given an opportunity to advance, 
also reported to be less in small towns, 
wn location has limitations as well as advantages. Work- 
m$s£»ot skilled in factory work and may be inefficient until they have 
hsfe-^ined. Many people object to working in factories because it is 
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confining indoor work. The community is often lacking in fire and 
police protection, which the company may be required to supply for 
itself. Another objection to the small-town location is that workers may 
depend upon the one plant for their employment, and local retail stores 
and service establishments may derive their support largely from work- 
ers at the plant. If the company should find it profitable to reduce em- 
ployment, close the plant temporarily, or move to another location, 
public and employee relations would be adversely affected. For this rea- 
son, some companies prefer not to locate in. -a town where its plaiit 
would provide the only employment for industrial workers. The de- 
cision might depend upon the nature of the product, the degree of skill 
required of the workers, and the attitude of management toward its 
public responsibilities. \ 

From the managerial point of view, decentralization presents a num- 
ber of problems. Since local plant managers are given greater respon- 
sibility, much depends upon the ability of top management to select and 
develop good local managers. More attention must be devoted to prob- 
lems of planning and scheduling production. Such problems are particu- 
larly difficult when parts are manufactured in local plants and assembled : 
in another plant. Communication between plants and the central office 
becomes more difficult because greater reliance must be placed upon 
such methods as telephone, teletype, and the mails, with less opportuni- 
ty for personal consultation on day-to-day problems. Officials from the 
central office are required to spend time and money visiting local plants 
and advising with local managements. Decentralization also gives rise 
to greater complexity in the managerial organization because such func- 
tions as personnel, engineering, cost control, and production planning 
must be centralized in the main office, while the functions are managed' 
locally at each plant by persons under the line control of the plant super- 
intendent. . 

Location on a Superhighway. New problems of pfcfcStlocation 
have been created by the building of throughways or exprfi$; highways 
with limited clover-leaf entrances and exits. Some companiesbaye found ' 
die points of entrance and egress to provide very desirable locations for 
branch plants. At such places, land is available for one-story buildings! 
with adequate room for economical plant layout, storage space for^ 
materials and finished products, and loading facilities for trucks. Hous- ' 
me developments mav p rovide homw for workers adjacent to the riSnt . 
Workers not desiring to live near the plant can drive to work within a 
short time provided they can use the throughway. Shipping thoe re- 
quired for receiving materials and parts from vendors in othei^tifies 
and for delivering the finished product to customers is reducicbfay 
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shipping over the highway. Even though tolls must be paid for the 
use of the highway, shipping costs are reduced because of the greater 
speed and the elimination of stops for intersections and traffic lights. 
The reduced accident record on superhighways or throughways may 
also constitute an important advantage. 

The Industrial Park. Another suburban or interurban development 
that has resulted from improved highway transportation is the planned 
industrial district and the industrial park. In both types of plant sites, 
the area is zoned for a certain kind of industrial establishment, and land 
use is limited by restrictive agreements. The industrial park has greater 
restrictions than the planned industrial area would impose. 

To assure that plant sites are attractively landscaped and that build- 
ings are esthetically pleasing, the industrial park prescribes minimum 
lot sizes, minimum land-use ratios, the nature of the landscaping, and 
the type of building construction. The factory would not be permitted 
to dump waste upon the land or to release obnoxious gases and fumes. 
Provision is made for the enforcement of the agreements in future 
years and also to modify the terms of the agreement if developments 
should render them obsolete. In the original plan for the industrial park, 
provision is made for sites of the proper size, adequate utilities, and 
easy access to each location by automobile, truck, or train. These sites 
are sold or leased to tenants for a long term of years. 3 

Although many types of business will continue to require urban or 
^jjher locations, other firms will find that the industrial park has many 
^vantages. Land will probably cost less than urban land, although de- 
tritapment costs will absorb a part of the difference. The industrial 
park i&anagement may provide for sewage disposal, fire and police 
light and power facilities, and water connections. The cost 
of fhc^iervices would be assessed against the property owners in the 
park. :fbe restrictions upon the use made of adjacent properties provide 
protectioh ior each tenant against smoke, odors, noise, and vibration, 

, and they 8®S)rd some guarantee against the deterioration of the area. 
rThese arrangements are made for the tenant by the park management 
in advanceof occupancy. 

, The (industrial park has several disadvantages as a plant location. 
^Provision: lor expansion is difficult or impossible because of the mini- 
giium acreage requirements. The cost of additional land is high be- 
cause sil land in the park is provided with utiltiy services and access to 
■bigjKfiiy transportation. Some firms cannot agree to the restrictions 
upoa^baind use, and they may be unable to develop new products or to 

Murphy, Jr., and W. L. Baldwin, "Business Moves to the Industrial Park,” 
Business Review, Vol. XXXVII, No. 3 (1959), pp. 79-88. 
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utilize new manufacturing processes that are made necessary by tech- 
nological change. Businesses most suited to the industrial park include 
research organizations, distributive outlets, sales offices, light manu- 
facturing, and assembly plants. 

The Company Town. In the chocolate, mining, textile, and some 
other industries, corporations have found it desirable to build towns as 
well as plants. Such towns provide homes, stores, recreation facilities, 
and power and water services for the employees. 

The company town has several advantages. Jt can be built in accord- 
ance with a plan for the entire community, including the residential 
areas, stores, places for recreation and amusement, and other services. 
The plant can be built in any location without regard to the willingness 
of real estate developers to provide housing facilities or the ability of\ 
employees to finance them. If the company provides the only available 
employment in the community, the risk involved in private construc- 
tion of homes might be prohibitive. The company town can be estab- 
lished near the source of mineral deposits or with due regard to water 
supply, power, or other services. The company town also enables the 
company to profit by any increase in land values which may result from 
the growth of a city on undeveloped or partially developed land sites. 


Most corporate managements seem to believe that company towns are 
not desirable. The company-owned town increases the capital required 
for the enterprise, and it requires that a larger percentage of the capital 
be invested in fixed assets. New problems of organization and managH 
ment are created by the entrance of the company into real estate mao| 
agement. The development of a competent, dependable, and loyal farafe 
force becomes more difficult when employees live constantly under the; 
shadow of the company whether they are at work, at home, or ip. pbcce3: 
of recreation. The situation is particularly objectionable if p oSMa ving 
conditions are provided or if the houses all follow the satt£j§!ptefn. 
The company is also placed in a disadvantageous positioq$j pi en labor 
troubles arise. If the company requires striking employee^B® Lire un- 
able to pay their rent to vacate company houses, public op ffjy ^h d eat- 
ployee attitudes are adversely affected. If it permits strikiiVfppioyee9 
to live in the houses without paying rent and to buy at coi^mj stores 
on credit, it is financing the strike against itself. 


DECIDING UPON A LOCATION 

The decision to locate a new plant in a certain area is usuallftjficracle 
by the top executives of the company. The president might assi jjSfeBQ a ' 
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staff assistant the work of making a study of possible sites and recom- 
mending a location. Because of the large number of factors affecting 
the decision, some of which might favor one location and some another, 
the problem is to find some way to balance the advantages and the dis- 
advantages of possible locations and to arrive at a considered opinion. 
A procedure for making a study of the problem will be suggested for a 
company that already has one or more plants in operation. 

Data Required. Before any sites are surveyed, it would usually be 
desirable to collect certain basic data concerning the company and its 
production program. To aid in the selection of the general area, the 
person would need to know what products are to be made in the new 
plant as compared with the products of plants now in operation. In 
this respect, several possibilities exist. The new plant might make the 
same products as the present plants. Examples would be a^stggl com- 
pany, a container manufacturing company, or a shoe company. In such 
cases, the decision as to location might depend upon the extent to which 


market-areas can be economically^prVed by the present plants, whether 
transportation costs to some areas are preventing the realizatijr^of full 
sales potentials, and whether delays in d eliveries are interfering with 
prompt and satisfactory services to customers. Data on sales in certain 
areas in comparison with possible sales might suggest that a branch 
plant can profitably be located in a certain territory. The decision might 
depend upon the extent of competition in the area as indicated by the 
J Bjfca tion of plants of competitors. 

pl$If the new plant is to make certain parts for assembly in another 
the new location should be chosen with reference to the location 
assembly plant. Both the parts and the final assembly might be 
r^ g hf -ffli^veight and might require only a small plant site. In that case, 
the paair plant and the assembly plant might be located with primary 
regagi- Jfor labor supply and other factors. If the parts are relatively 
compa^'^Qe the assembly is heavy and bulky, as in the case of auto- 
jt gnnhile s, flBpjp arts plants may be located near the sources of raw ma- 
ials a&djttt adequate labor market, while the assembly plant may be 
rated -fftSjj gp istant part of the country where the product is to be sold. 
Tbe.jjgffipse of the new plant may be the manufacture of a product 
not nowj*3j(de in any other plant of the company, such as instant coffee 
Or ffagjgg^getables in the case of a diversified food-processing com- 
panydBSSjis is the situation, the person making the study would need to 
knffl«^®B varieties of product which will be made at the plant. He 
■wdtet^Mso need to know the size of the plant necessary for the produc- 
sufficient volume to meet the contemplated sales, the space 
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necessary for storage of materials and finished product, and possible 
plans for future expansion. This information would be necessary to 
determine the size of the new site, the desirable contour of the land, 
and the transportation facilities required. 

Another factor in the initial planning is the intention of the com- 
pany to rent a building or to construct a new plant. Greater freedom 
of choice is permitted if the company plans to build. However, manage- 
ment may delay the decision to buy, rent, or build until the survey of 
possible sites has been completed. . ,• I 

On the basis of information as to the nature of the product to be made 
at the new plant, the present sales of the company, the nature of the 
competition, and other important factors that would affect the location, 
the person selecting the site might first select the part of the country 
which seems most desirable. Next he might decide upon the city or 
the particular area, and finally he might decide upon the exact plant 
site within the area. These three phases are not independent of each 
other because the difficulty of finding a site in a city might cause a 
change in the whole plan. However, this procedure indicates a possible 
approach to the problem. 

The study of plant sites in an area may begin with correspondence 
or personal interviews with officials of local chambers of commerce, or 
the first approach may be made to the Office of Domestic Commerce 
of the United States Department of Commerce. Either source can supply, 
a substantial amount of basic information concerning the available 
public services, labor supply, and other factors in the location. Either 


agency can assist in meeting public utility executives, real-estate com-- 
panies specializing in industrial sites, bank executives, officials of ratk, 
way and trucking companies, and other persons who can provide infor* ~ 
mation. Most state governments maintain research agencies/fhat % col- 
lect information pertaining to such factors as natural resouro§?> trans- 
portation, labor supply, and public utility services in various parts of 
the state. J 

The information collected by the person who makes the survey mayj| 
include a questionnaire filled out by himself in personal cooferences^ 
with various persons who are in a position to supply information. Hm 
could get additional information from road maps showing Street and^ 
highway connections, maps of railway and steamship connections* aerial.;, 
photographs, contour maps, and reports of personal inspection of 
properties. The questionnaire consists of detailed questions covering 
all of die points on which information is desired. The questions isbould 
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be carefully prepared in advance of each interview in order that no 
pertinent data will be omitted. The answers to the questions concern- 
ing any one site may be obtained from several persons. If any problem 
exists relative to waste disposal, fumes, contamination of streams, or 
other menace or nuisance, the company should first plan to control 
them and then confer with local or state officials concerning its pro- 
gram. 

Comparison of Different Sites. After the information has been 
collected, it may be summarized to show the required capital outlay for 
each of a few selected sites. This summary would show the costs of land, 
improvements to the land for grading and landscaping, building, equip- 
ment, and other facilities. These outlays are initial costs and are largely 
nonrecurring. Another statement may be prepared to show the estimated 
cost of producing a given number of units of product at each location. 
The statement would indicate the costs of materials, labor, fuel, power, 
indirect labor, propetry taxes, and corporate expenses. These costs are 
recurring in nature. 

The estimate of costs is not entirely satsifactory because unit costs 
vary with the volume of production. This form of statement could not 
be used satisfactorily by a company producing a variety of products. In 
many cases an estimated statement of profit and loss is preferable. This 
statement shows for each contemplated location the estimated sales, the 
" estimated costs of production, and the estimated selling and administra- 
tive expenses. State and federal income taxes are computed to deter- 
mine the net balance available for stockholders and for reinvestment. 

Several difficulties arise in the preparation of an estimated statement 
-jjf profit and loss. First, many variables cannot be accurately evaluated. 
Although the statements are valuable estimates, they should not be re- 
garded *k conclusive. Second, the results of operations will not be uni- 
form from one year to another. Extra expenses will be incurred during 
' the first- year in setting up the organization and building up the labor 
||force. These problems will be much the same in any location. Third, 
SesultS even after the business has been established will vary from one 
jfficar to another. This problem can be met in part by assuming varying 
Slates of output in each location. 

If? The computation of costs, expenses, and sales at each contemplated 
^•-location has been much simplified by the development of machines 
whidiejKm make the computations in a very short time. Once die data 
am mtnbtble, they can be quickly summarized and compared with sim- 
ila^ifiita for other locations. Computing machines also make possible 
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the use of more factors of costs and expenses than might otherwise be 
used. The final decision has become more a matter of fact and less a 
matter of opinion. 

The Break-Even Point. The desirability of one or more proposed 
locations may be determined by reference to an estimated break-even 
point, which is the volume of production and sales of the product that 
would result in neither a profit nor a loss. On that volume, the com- 
pany would just break even so far as its financial operations are con- 
cerned. If the break-even point is known, the company could deternjune 
whether the estimated volume would be sufficient to carry the estimsited 
overhead expenses, and it might estimate the probable number \of 
months or years of operation that would be necessary to build up the 
volume that would be required to make a satisfactory profit. \ 

The method of computing the break-even point depends upon the 
variety of the product line. If the proposed plant will be used to make 
a single product, such as sugar or coffee, the cost of materials, labor, 
and variable expenses may be estimated by reference to similar cost data 
in other plants. If these elements of cost total 60 cents per pound or 
per unit and the product sells for 90 cents, the proceeds of sale of each 
pound or unit would cover the direct costs and pay 30 cents toward the 
fixed charges. If the estimated overhead expense totals $600,000, the 
company would be required to sell 2,000,000 units ($600,000 -f- 0.3< 
to break even. If the company plans to make more than one variet 
product, such as different kinds of candy, different varieties of cot 
or canned fruits, an average sales price and an average cost of l afcif 
materials, and variable expenses could be used in the computat| 3 *ji?^ 

The company might plan to produce a wide variety of produc^rittlb 
plant, such as toys, ceramics, or metal and fiber containers. InJ^^-eaS 
unit sales and costs might lose their significance in the conMpS§£n M 
the break-even point. Instead, the computation could be na^H^terms 
of the dollar value of the sales which would be necessary jMp alKeyen. 
For example, if the materials, labor, and variable expensJBpilil' aver: 
age 60 per cent of the sales, 40 per cent of each sales dofwjRfould re 
main to cover the fixed overhead expenses. If the overhe SPS ipensc « 
estimated at $600,000, the total sales necessary to break c^jpi 1 b< 
$1,500,000 ($600,000 0.40) . 

While the break-even point is a useful concept in relatiofifSp botl 
plant location and general business management, it should 
garded as fixed and unchangeable. As volume falls and the* ^mL t . ’di 
minishes toward the break-even point, the overhead expense fc 
usually considered to be fixed can be reduced in various ways, flj§$ a; 
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by cutting salaries, laying off people, eliminating positions, and raising 
work standards. Costs and expenses are not easily classified into such 
categories as fixed and variable.' 

Limitations of a Cost Analysis. Probably the most serious diffi- 
culty in connection with estimates of costs and expenses at various loca- 
tions arises from the effects of changes that may not be foreseen. The 
location of a large new plant in an area will in itself affect labor, hous- 
ing, and other conditions. In time the development of new transporta- 
tion facilities may alter the relative advantages of different locations. 
During the last 150 years, for example, some locations have gained and 
others have declined in importance with the development, first, of canals 
and, later, of railroads and highways. Cheaper and more rapid means 
of transportation have been made available. The invention of steam- 
boats was followed by steam locomotives, automobiles and trucks, air- 
planes, and diesel locomotives. Industries locating in New England to 
take advantage of moist climate, water power, and an efficient labor 
supply have seen their advantages disappear with the invention of 
moisture-control systems of air conditioning, the building of flood- 


control and electric-power projects in the South and West, and the de- 
velopment of labor markets in other areas. Companies building or ac- 
quiring plants near the source of raw materials have later found their 
locations to be disadvantageous as mineral deposits and timber re- 


mrces have neared exhaustion and new deposits of minerals were dis- 

g and new timberlands were developed in other areas. Plants 
; in the East to be near the market have lost their advantage in 
pect as the center of population has moved westward. Such 
tp^H^ons could be continued indefinitely. They indicate the necessity 
S&iffilementing any cost studies with a general economic analysis 
rwiSttt to forecast the trend. 


‘^/ELOPING FAVORABLE PUBLIC RELATIONS 


; - After j jgg jimpany has decided to locate a new plant in a community, 
at measures to assure that local residents, businessmen, and 

iprosped^Semployees will not be antagonistic. The company might 
'Irak* si$jg§ ? member of the management responsible for the develop- 
mcnt'flfSTavorable community attitude, and that person may formulate 
aplsucfior the dissemination of information to the public. He might 
su pff j ya fotta pertaining to the plant to the newspapers, radio and tele- 
fiiH^jaftations, and local government officials. The public might be 
isim that buildings and grounds would be planned to improve the 
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appearance of the community, that trucks would be routed to avoid 
traffic congestion, and that no smoke or other nuisance would be 
created. Plans for the dedication exercises might include local govern- 
ment officials and representatives of civic organizations. In various other 
ways, the company might seek to develop the good will of people in 
the community. 

Within the company organization, also, attention should be given 
to possible anxieties on the part of executives, foremen, and workers. 
They will want to know what work will be transferred to the new plaint, 
whether production will be cut back at existing plants, and who will 
manage and operate the new plant. Usually some people will be trans- 
ferred from existing plants, and additional personnel at various levels 
will be recruited and trained locally. People should be given official 
explanations of the various problems in order that rumors may not be 
circulated and fears magnified. 

QUESTIONS 

1. The western part of the United States has been called the "great crescent’* 
because industry has found location in that area to be desirable. One point of the 
crescent is in Washington and the other point is on the Gulf coast. The area in- 
cludes California, New Mexico, and Arizona. What developments have en- 
couraged industry to locate plants in that area? 

2. What industries might be especially encouraged to move to the South 
and West? 

3. What types of industries can profitably locate plants along the superhigh- 
ways without regard to railway connections? 

4. What types of industries require railway connections and easy access to 

ocean transportation? / 

5. Might a company find that the workers in an area are unsuited 4p a 'j|s needs 
even though plenty of workers apply for employment? 

6. How can the position of Detroit in automobile manufacture be explained ? 

7. In what type of industry is the factory located near the source of raw ma- 

terials? In what type of industry may the plant be profitably locate*}, at a distance* 
from the source of the materials? 51 

\*r 

8. A large shirt manufacturer located one plant in Georgia and two other: 
plants in Minnesota. Could these choices of plant location havebeen wiselyi 
made? 

9. How has the development of automatic machinery affected the problem of 

plant location? .1* - 

10. Why might management prefer not to build a company town ? . 7, n , • 

11. Explain how you would proceed if you were assigned the task 
mending a site for a new plant Indicate the information you would to 
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start the study, the information you would need as to different locations, the 
sources of the information, and the method of evaluating the information. 

* 

CASES 

14. LOCATION OF A CARPET MILL 

When a large carpet manufacturing company sought a suitable site for a new 
mill, it established a set of basic requirements for the new location. The first re- 
quirement was that the mill be convenient to railway transportation because both 
the raw materials and the finished carpets are heavy and require transportation by 
rail. A second requirement was that the mill be near a river into which waste 
could be dumped. While the company intended to treat the waste and to render it 
Stfnocuous, a river seemed to provide the cheapest and easiest means of waste 
disposal. 

Another basic requirement was an efficient and dependable labor force. The 
management believed that a rural community or a small town afforded the best 
chance for development of good workers. Previous factory experience of appli- 
cants was not considered necessary because the company would transfer the man- 
agerial force and a few skilled workers from its existing plants. Workers should 
be willing to accept factory jobs and should not insist upon office work. 

A highway system connecting with the plant was important in order that work- 
ers might not be required to live adjacent to the plant. The company was anxious 
to avoid any possible charge that it was fostering a slum area. 

Nearness to market was not a primary requirement, although it was considered 
important that the plant be located in the eastern part of the United States where 
there would be easy access to the large cities of the northeast. Location in this 
area was also important because the carpets were made of imported wool. 

, The local area should be fairly level to permit the construction of a plant, rail- 
way sidings, loading platforms, and parking lots. The elevation should be suffi- 
cient tp assure that the building site would not be subject to overflow in time of 
high water. 

|£\ After the basic requirements were determined, the company began its study of 
pOSS9)Je:locations by scrutinizing maps. It compiled a list of all the places in the 
eastern half of the country where railroads crossed rivers. It found about one 
hundrec! such places. By a process of elimination, it found that only a few of the 
places met the other requirements. A few locations were then visited, and investi- 
gations were continued at possible plant sites. The company had no difficulty in 
.fading one site that met all basic requirements. 


Evaluate the procedure followed by the company in selecting a location for the 
.'new pfant 

' :i 15. RELATIONS WITH LOCAL COMMUNITY 

Ttajfchnston Textile Products Company, located in a city of 85,000, had never 
pen rmg d plant visits by people in the community. The reasons of the manage- 
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ment were, first, the accident hazard ; second, the possibility of fire; and, third, the 
possible effect upon production. The plant superintendent considered plant visits 
a nuisance because members of the management would be expected to serve as 


The personnel manager learned from applicants for employment and from 
people in the community that there was much misunderstanding of company pol- 
icies and conditions within the plant. Disgruntled employees made exaggerated 
statements concerning working conditions and management methods. There was 
a general feeling that the company was trying to conceal something. Many em- 
ployees felt uncertain about their jobs because of rumors that the company was 
on the point of bankruptcy. 

In an effort to improve community relations, an outside consultant was\ en- 
gaged. He advised that as a part of the program an open house be organized to 
extend over a period of one week. During that time, people in the city and par- 
ticularly the families of employees would be invited to visit the plant to see wtyt 
conditions were like. The suggestion was approved by the plant superintended 
and the president of the company. The personnel manager was appointed chair- 
man of a committee to work out the details. 

A number of subcommittees were appointed for publicity, ticket distribution, 
reception, guide selection and training, and registration and information. A ticket 
distribution committee was considered necessary to assure that an excessive num- 
ber of visitors would not report on any one day. 

The plan met with a favorable response from the community. Capacity groups 
were shown through the plant each day. The families of employees were especially 
pleased to see the machines at which a member of the family worked. The plant 
superintendent and the personnel manager agreed that it would now be more 
difficult for anyone to start a rumor in the community concerning the company 
It was also expected that the employment department would have less difficutj| 
in recruiting applicants for jobs. ' 


Questions: 

1. What costs arise from a plant visitation program? 

2. What advantages might the company gain? 

3. How can the management determine whether the program is.fj|^pL6QSt? >v 

4. Would regular plant visits be preferred to the plan of thej|aatfese? f 



CHAPTER 


9 The Building 
as Productive 
Equipment 


The building should be regarded as a part of the produc- 
tive equipment of the enterprise. It provides protection for machinery 
and materials being processed, and it also provides a place for workers 
to perform their assigned tasks under conditions which may be favorable 
or unfavorable. The main building or a separate building provides offices 
where members of the management can carry on the functions assigned 
t<S> them. The size and plan of the building may determine whether the 
Ismpany will succeed, although many other factors will obviously con- 
tslpte to its success. 


PLANNING FOR THE BUILDING 


„ - nmng. provide services at a cost which may or may not be exces- 
•ave. A baling has long life and requires expenditures for heating, 
taxes, maniSenance, and other expenses throughout its life. The de- 
'WedatkStiOTarge is determined according to a schedule which is fixed 
it the fgP$'the building is acquired, and it continues throughout its 
5e. G®aSfecpenses, such as heat and light, alterations, the control of 
of air and water, and the cost of materials handling may 
fbn the way the building was planned. If the charges are exces- 
iterprise may be unable to realize a satisfactory return from 
TtsiMtjStment. 

Companies use buildings that are inefficient and unattractive. In 
the buildings were originally designed for other purposes 
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and are not suited for present operations because of size, number of 
stories, poor facilities for employees, obsolete heating and lighting 
systems, or other reasons. Some enterprises use poorly adapted build- 
ings because the plants were offered for sale or lease at low prices by 
other companies that had been liquidated or had found the building 
unsuited for their purposes. If a location within a certain urban area 
appears desirable, a company may be required to choose between a 
few buildings, none of which are especially suited to its needs. If a 
building is available at low initial cost, it may be chosen despite certain 
disadvantages. \ 

The Decision to Build. Many enterprises begin operations in rented 
properties. Until the owners can be sure that the product can be mar- 
keted at a price that will yield a profit, they would usually face tdp 
great a risk in immediately acquiring a building. If the future is un- 
certain, the company might lease a building until a market for the 
product has been developed. The need for space may also be reduced 
by purchasing parts instead of making them. 

Frequently an established company finds that its plant space is in- 
adequate and that it needs a new building or an addition to the existing 
plant. In this case, the management may be able to introduce operating 
economies that will permit an increase in output without an increase in 
plant space. The economies would include increased mechanization, 
better methods of materials handling, reduction in the downtime of 
machines for repair, and a reduction of idle time for other reasons. For 
example, a fully automatic machine may have sufficient capacity to re- 
place four or five machines that are manually operated. Such a machine 
decreases the need for space, not only for machines, but also for, die 
storage of materials and for the operator. Less aisle space may also be' 
needed. In fact, some companies plan to build a new plant thaf pro- 
vides only enough space to meet the present demand for ithei product 
and they expect that additional capacity will be provided by a con- 
tinuing program of improvement in plant facilities . 1 

If a company has several small buildings and finds that it needs onCi 
large building to permit a better layout, to provide better employe^! 
services, and to reduce costs by improved methods of produ&fion, it may 
be able to modernize its plant facilities by consolidating die building 
space and connecting existing buildings. However, alterations and ‘Addi- 
tions of this kind are costly and the cost per square foot, or cubic foot, 
may be almost as much as it would be in a new building. New watls, 

* "Big Company V.P. Takes Aim at I960 Costs," Factory Management and Maintenance, 
Vol. CXVII, No. 12 (1959), pp. 59, 60. ikr 
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doors, and windows may be necessary. Ramps may be required in 
equalizing differences in floor levels. The arrangement of machines 
and production lines may be changed. Alterations of this kind can be 
made only where existing buildings are structurally sound. The ad- 
vantage of such alterations is that the human resources of the company 
may be kept intact. 2 

Before plans are made for either modernization or the construction 
of a new building, the management should inquire into the sales pos- 
sibilities for the products of the company, including any new products 
which are contemplated for the next five or ten years. Present increased 
demand may prove to be temporary, or competitors may be preparing 
to increase their output to supply the market. During periods of .busi- 
ness prosperity, demand is often illusory because of overordering and 
the placing of duplicate orders by customers. The effect of a decreased 
demand during periods of depression or business recession should also 
be considered. Some authorities contend that expansion of plant facilities 
should not be made unless the enterprise can break even on the pro- 
duction and sale of 50 per cent of the normal output. Before any com- 
mitments are made, it would be well for management to know where 
the break-even point is, that is, at what volume of production the com- 
pany neither loses nor makes money. This point will vary with changes 
in the selling price of the product and changes in the cost of labor, 
materials, and supplies; but losses due to gross miscalculations may be 
avoided by attention to this phase of the problem. 

^ . If the demand for the product appears permanent and if the new 
l&lifflding can be safely financed, plant ownership will relieve the com- 
rfgny of the fixed rental charge, which may result in a net saving. The 
.'vjisnt'ij an asset of the company; and if it is paid for out of profits, the 
finaodstl ratios as indicated by the figures on the balance sheet are im- 
proves!^ and the financial standing is bettered. The company may also 
*: have greater freedom to make alterations and improvements in a plant 
that it owns, and the initial construction may provide a more modern 
ijplant 

#k S*rfsHHMl4ease-Back Arrangement. A manufacturer or other busi- 
may construct a building to suit its particular requirements, sell 
building to a finance company, and lease it for a fixed rental for 
ra term of years. This arrangement enables the company to use the 
building without having to invest its own money or to borrow money 

*Hig» method was followed by Pitney Bowes, Inc., in modernizing its facilities at Stam- 
fiwft See “Six Plants Work as One,” Factory Management and Maintenance , Vol. 
CXIfcJNo. 12 (1959), pp. 44-49. 
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for |he building. On die balance sheet, the building is not included with 
the assets, and the future rental payments are not included with the 
liabilities. The financial ratios of balance sheet items and groups of 
assets and liabilities are therefore not affected. The company is not 
acquired to enter into any restrictive agreements that limit its future 
financing. Such covenants are frequently required by investment bank- 
ing institutions when bonds are issued to finance construction. 

A financial institution that becomes a party to the sale-and-lease-back 
arrangement will usually expect to earn a higher rate of return on iti in- 
vestment than it would require on an issue of bonds or a mortgage. The 
higher rate of return is reflected in the rental charge. One reason Tor 
die Igigher rate is that the risk is increased by the possibility of cancella- 
tion of the lease contract in case of bankruptcy. The risk of the lessor 
is also increased by the difficulty of marketing the leasehold contract if 
the lender desires to recover his investment prior to the termination of 
the lease. The financial institution can also charge more because it is 
drawn into real estate transactions and not merely a lending operation. 3 

Some companies have found after a period of years that changed 
conditions have made leased properties unsuited to their requirements, 
and they may be unable to move to a more desirable location because 
they have become obligated to continue the rental payments. A prop- 
erty that is owned can be sold, but a leased property can be vacated only 


by finding a suitable tenant or by bankruptcy proceedings. ^ 

Effect of Inflation. Since the close of World War II, the possibili^ 
of continued inflation has been a factor in the decision to rent, to buiuL^ 
or to modernize. During periods of inflation, a person may protect bMfe 
self by owning large amounts of assets and possibly owing«||||K 
amounts of debt which can be paid later in dollars of decrea^^^®^ 
chasing power. However, a lease contract that provides for a 
for the life of the asset affords a similar advantage to dai -Mjfe be 4 !'':'., 
cause the rent is paid over a period of years as inflation 
purchasing power of the dollars paid as rent. The lessefouMlBae Ws.;} 
credit line to purchase additional assets and to incur othenEMMStidseas^ 
Plans based upon the assumption of "creeping inflation” Vfl^usly iog 
volve risks. They could result in losses if the inflation is rljj jj pj j rd or the 
lessee does not experience an increase in the volume of hgj|3fAles and 
rising prices for his products. 

Tax Considerations. The effect of ownership upon fedcalt.4uid 
state income taxes will enter into the decision to rent or own the build- 

* Robert F. Vancil and Robert ,N. Anthony, "The Financial Community Loefct.i#'jLess» 
ink" Business Revieiv, Vol. XXXVII, No. 6 (1959), pp. 113-30. 
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ing. The questions involved are complicated and will require detailed 
study in each case. However, the lease arrangement has tax advantages 
in some cases because the lessee "can deduct the entire amount of the rent 
as a business expense, whereas the owner of a building can deduct de- 
preciation, property taxes, repairs and maintenance, interest paid, and 
other building expenses. The determining factor would be the amount 
of rent in comparison with the building expenses. If the owner or lessor 
is an institution that can afford to invest at a low interest rate, the 
rental payment may be sufficiently low to make the arrangement profit- 
able to both the lessor and the lessee. 


The Building Plan. Having decided to build, management should 
put down on paper the plans for an ideal arrangement of the building. 
This plan can be made without regard to cost, contour of land, streets 
and highways, existing railroad facilities, or any other local conditions. 
If three or four good arrangements are planned, it may then be possible 
to choose the one that offers the greatest advantages in costs of pro- 
duction, maintenance costs, employee comfort, depreciation, taxes, 
appearance, and other features. In making such a plan, an analysis 
should be made of the product, the parts that go into it, and the proc- 
esses required for the production. The workplaces can then be planned, 
with due allowance for space required for workers, machines, and 
materials. Plans should also be made for aisle space and for equipment 
aised in internal transportation. Space may also be provided for store- 
rooms, locker rooms, washrooms, cafeteria, dispatching desks, tool- 
jgoms. and shipping room. Outside the plant the area desired for yards, 
valks, driveways, and parking facilities should be indicated. It may 
H j jSqe ssary to modify the plan when costs are considered; but planning 
Planner emphasizes the fact that the plant, like a machine, should 
to fit production requirements. 

HSS^&O^panies have found that a standardized design of building is 
'fetsjbt ^BtgjU l of their buildings in different locations. The architect’s 
plans for ding in one location can be used for a building in another 
Jocatioii ’wslft only slight modifications for size or changes because of 
pjjfferenc eiSl ii the contour of the land. Standardized buildings have been 
•found Itf^^suitable for manufacturing plants as well as chain stores, 
"hotels, ,gi£jitges, and chain restaurants. 


TYPES OF BUILDINGS 

* ■<. ■ - A- 

* - 

viftKessential differences in types of buildings relate to the number of 
the size "of the building, and the nature of the construction. These 
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problems are closely related, since the decision to build a single-story or 
a multistory building will depend in part upon the number of buildings 
and the nature of the construction. 

Single-Story Buildings. One-story buildings have been increasing 
in number for two reasons. First, improved methods of transportation 
have caused many new plants to locate in small cities or towns where 
adequate space is available and land is low in cost. Second, the one-story 
building is less expensive to build and, in some industries, results in sub- 
stantial operating economies. Industries that use heavy machines or ihake 
a heavy product must have the manufacturing operations on one floor. 
Examples are foundries, forge shops, locomotive and car builders, steel 
mills, and press and stamping shops. Some automobile manufacturers 
have also found one-story buildings to be more economical than multi- 
story structures. In initial cost the single-story building is usually con- 
sidered less expensive. 

The single-story building requires fewer columns throughout the cen- 
tral area than does the multistory structure because only the weight of 
the roof has to be supported. The spacing of the columns depends some- 
what on the type of trusses in the roof. A wide spacing of the columns 
is possible, though at a cost which increases rapidly because the roof 
trusses must carry longer roof beams. In a multistory building the spac- 
ing of columns depends upon the floor loads and arrangement of the 
steel used in the structure. Wide spacing is advantageous because it 
affords unobstructed work areas, permits greater flexibility in the layout 
and arrangement of the workplaces, lowers the cost of transportation, 
and permits better supervision. 

The advantages of the single-story building constitute one of there**, , 
sons for the trend toward small-town locations where land is availsdsfep 
for all processing and service departments to be located on one fidotv 
Furthermore, the single-story building in a small town can be enlarged . 
with less cost than a multistory building in a city. For this.reason, the 
trend toward the single-story building in many industries is affected ; 
by the developments in plant location. v ^ 

Multistory Building. Enterprises that are engaged in light manu# 
factoring frequently find a multistory building to be more «B&aomica|| 
than a one-story plant. If both the materials and the machirieSused are? 
lightweight, a multistory structure may meet all requirements. Examples 
include food processing, shoes, clothing, printing and publishing, drugs, 
chemicals, beverages, and light hardware. When the materials. can be 
moved by gravity chutes or other gravity conveyors, the multistoryfeuiLd- 
ing makes possible low-cost operation. Examples are bread baking, fugax. 
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refining, glass-bottle manufacturing, and soapmaking. In some indus- 
tries, height of buildings is desirable for storing or processing the prod- 
uct, even though a floor may not be required at each level. This situa- 
tion exists in plants making granulated soap and in certain food-process- 
ing plants. In a multistory building, much space on the upper floors may 
be used for storage. A second story may be desirable for office space in 
order that the offices may be isolated from the noise of the shop. 

The most important saving in the multistory structure is in the cost 
of the plant site. In locations where land cost is high, multistory build- 
ings are necessary. Industries that find an urban location desirable in 
order that they may be near markets or for other reasons will usually be 
located in multistory buildings. 

Number of Buildings. Sometimes the plant consists of two or more 
buildings adjacent to each other. Separate buildings are more costly to 
construct and require more ground space. An added item of construc- 
tion cost is the requirement for pavements between the buildings. Main- 
tenance costs are increased, particularly the cost of heating and air con- 
ditioning; in the winter the courts between the buildings must be kept 
free of snow. Operating costs are increased because the flow of work 
from one workplace to another is interrupted and because employees 
must spend more time going to and from various service facilities unless 
duplicate facilities are provided. As the plant grows, the operations are 
likely to become disorganized because of the difficulties of keeping an 
effective, orderly arrangement of workplaces. These weaknesses may be 
minimized by constructing passageways between the floors above ground 
and by providing roofing over the ground area between the buildings. 
^Where several buildings are constructed instead of a single building, the 
’' ffiig fhn may be that different processes require different types of con- 
st ruction. Fire and explosion hazards may be decreased by the segrega- 
tion ^of certain departments. Separate buildings may also be used to 
house the administration offices, research laboratories, and the power 


plant. Any auxiliary buildings should be so located that they will not 
impede future expansion of the main building and its operations. 

Typf» -af 'Construction. Regardless of whether the building has one 
||to ry or several stories, it may be any one of five types of construction. 

ese typ e s are not always clear-cut and distinct, since they have many 
adaptations. The choice of a type of construction, like many other man- 
agement problems, should be made by balancing various phases of cost, 
including original cost, maintenance, depreciation, and fire protection, 
^"rllglit frame buildings are constructed of thin wooden joists and 
with light studs inside the partition walls. The frame is sheathed 
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with relatively thin wooden boards. Since the edges of the wood are ex- 
posed, fire could spread rapidly along the length of the boards. The 
fire hazard is increased in factories because of the possible saturation 
of the floors and walls with oil or grease. Wooden stairways increase 
the risk to life and property because they aid in the spread of the fire 
to the upper Boors. 

Frame buildings are little used for factory construction, although 
their initial cost is low. They are unsuited for permanent structures be- 
cause of their rapid depreciation, the great danger of fire, and (high 
insurance costs. Some enterprises that are definitely temporary use frame 
buildings because they are quickly constructed at low cost and\are 
easily altered to meet changed conditions. \ 

In brick or stone wall-bearing construction, the weight of the upper 
Boors and the roof is transmitted to the walls by steel or wooden beams. 
The side walls are of brick with heavy pilasters or brick columns to 
carry most of the weight. The pilasters may project from the wall by 
as much as one third of their thickness. Brick construction also re- 
quires heavy center columns. Since much of the weight rests upon the 
walls, the size of the windows is limited. This type of construction is 
better than light wood-frame construction in that it is more permanent, 
depreciates more slowly, and is low in cost. It can be used for opera- 
tions that do not require heavy floor loads. 

Standard mill construction, also called slow-burning construction, is. 
especially designed to reduce the hazard of fire. The walls are built bf 
brick; the Boors and roof are made of heavy timbers or thick planks 
which bum slowly and which will continue to support the weight of the 
building after they are partly burned. In the frame of the building, ^ 
timbers are used with any dimensions less than six inches. The tipfl 
planks are two or three inches in thickness, and the floor 
or four inches. Timbers and planks of these dimensions 
the collapse of the building even though fire may have pe&fecslted half ' 
an inch or more into the wood. With reasonably good fiJSSfootection, 
the flames will be extinguished before they have bumed^jjpbugh the„ 
supports to walls, floors, and roof. 

Mill construction is also designed to prevent tne spread O Bjff BCie fronSjg 
one floor to another. No chutes in the floor are permitted. El e^jfe f shaftsl 
and stairways are fully enclosed by walls of heavy wood drioaoom- ' 
bustible construction. Doors that open to stairways or elevatdipthafts 
are self-closing and fireproof. In parts of the building where |hg fire 
hazard is increased by manufacturing processes, the ceilings atei£kil|; 
a£ plaster or other noncombustible material such as sheet 
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asbestos. They are also equipped with automatic sprinklers. The beams 
and columns are chamfered in order that they may not catch fire easily 
or assist the spread of fire. 

Mill construction has other advantages in addition to reducing the 
fire hazard. The building will safely support heavier floor loads than 
buildings of either light wood-frame or brick construction. Vibrations 
of machinery are not easily transmitted because of the firm and heavy 
construction. Alterations in the floor arrangements may be made, or 
openings in walls or floors for piping and power lines may be cut with 
relative ease. 


The mill type of construction is subject to several disadvantages. The 
heavy timbers are costly, and the lumber is not readily available in 
quantity. The building is not easily lighted because of the limited win- 
dow space and the large columns. Wide unobstructed areas within the 
building cannot be achieved, and layout of machines and equipment is 
inflexible. The movement of materials and work in process of manu- 
facture is slowed by columns and the nature of the openings between 
floors. In fact, the competitive position of some plants and some areas 
is seriously affected by the use of buildings that cannot be easily adapted 
to take advantage of recent developments in materials handling, ma- 
chinery and equipment for production, lighting, air conditioning, and 
methods of planning and controlling production. 

In the steel-frame type of building the weight of the upper floors and 
She roof is carried by a series of steel columns which are braced to- 
gether by horizontal girts. The walls are usually of brick or hollow tile. 
Corrugated sheet metal may be used for the partitions or even for the 
<f|t&ll$, but it is not entirely satisfactory because it deteriorates rapidly 
aihcn exposed to dampness. Rooms with sheet metal walls are also 
Psalter beat because of excessive radiation. An advantage of steel-frame 
^h^tb^^.is that alterations and reinforcements are easily made. 

entire building is fire-resistant, steel-frame construction 
carries* fiSpided fire hazard because the steel columns will soften and 
become weakened when heated. The buckling of the steel will cause 
Pie entir e jg juilding to be wrecked. For this reason, floors should be of 

r **' Crete ciaother fireproof material. The roofing material should also 
_ firegtttttjf. Since the contents of the building may bum and cause 
intense Iggat, the steel frame should be fireproofed with concrete. A 
steel-frame building under construction is shown in Figure 7. 
v In xeinf orced-concrete buildings the weight of the building is sup- 
by a frame of concrete in which steel reinforcing bars are im- 
The floors are also made of reinforced concrete, although they 
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Courtesy of Bethlehem Steel Co. 

FIG. 7. Steel-Frame Building under Construction 


may be surfaced with wood, linoleum, or other material. Columns 
along the outside wall and also within the building space support the 
floors and roof. The side walls may be of brick, stone, or hollow tile. 
Much of the wall may be of glass, since the walls do not carry the 
weight of the building. The roofs are usually of reinforced concrete, 
although they are surfaced with other waterproofing material. , •'.< 
Reinforced concrete is a favorite type of construction for multistory , 
buildings. The cost is somewhat less than it is for steel construction; 
yet the building carries very little fire hazard, is cheaply insured, and 
depreciates slowly. MainFenance and housekeeping costs are low. The 
floors are rigid and free from vibration and can be constructed to carry 
heavy loads. . . , 5 

The objections to reinforced concrete are that the plan of ihe build-5 
ing is not easily changed as manufacturing processes change, and that' 
new openings for power lines, heating and ventilating equipment, or 
for other purposes are not easily made. Machines cannot be readily at- 
tached to concrete unless their location is anticipated and provided for 
during construction by imbedding anchor bolts in the concrete. A rein-; 
forced-concrete building must be correctly proportioned to prevail de? 
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terioration due to stresses which result from expansion and contraction 
with changes in temperature and from uneven settlement of the foun- 
dation. 

Floors. The floor should be adapted to the use to be made of it. In 
a steel-frame or reinforced-concrete structure, the building may be made 
to support any type of floor that is required. It is not necessary that the 
same type of floor be used in all areas or departments. Plain concrete 
floors may be used in toilets and dressing rooms, since this type of floor 
is durable and easy to clean. A concrete surface with an armored grid 
reinforcement is adapted to open passageways and elevator openings 
where the traffic is heavy. This type of floor is long wearing and affords 
a safe footing. Hardwood tongue-and-groove or smooth-edged flooring 
provides a satisfactory base for light machines and is not uncomfortable 
for employees. Unless the base is perfectly flat, however, the edging 
of the boards will break under heavy weight or in traffic. Brick floors 
are used in heat-treating departments. Wooden blocks, installed on end 
with the wear on the end of the grain, are sometimes used for the ship- 
ping room and certain other departments. If machinery is set upon 
wooden blocks, anchor bolts must reach through the blocks to the con- 
crete floor to hold the machinery firmly. Asphalt tile is satisfactory for 
offices. Other types of floors are available for departments that have 
special requirements. 

When additions are made to buildings or when new buildings are 
erected, special attention should be given to the standardization of 
floor levels. At the time of acquisition of such facilities, uniformity in 
floor levels may not seem to be important. However, the management 
may later consolidate the various facilities by the removal of walls and 
' tHe, construction of connecting rooms and hallways. In that event, the 
differences in floor levels might substantially increase the cost of the 
building changes and subsequent operating costs. 

Roofs. Hie choice of roof depends upon such factors as cost of con- 
struction, appearance, ease of inspection and maintenance, air condition- 
>( ing, and relation to materials handling. A common type for either 
|single-story or multistory buildings is the flat roof. This type is easily 
Inspected for leaks and is easily repaired when defects are discovered. 
£iri single-story buildings, flat roofs are sometimes used for parking, al- 
though such use requires sturdy construction of the roof and strong wall 
support Easy access by means of a ramp or otherwise is also essential. 
%me companies are experimenting with the spraying of water on flat 
't$ofs in hot weather to lower the temperature inside the building. 
rfThe saw-tooth roof, as the name suggests, gives the appearance of the 



170 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


upturned teeth of a saw when viewed from the side of the buil din g. The 
short side of each "tooth” consists of windows which face, preferably, 
to the north. The windows are usually vertical to reduce the accumula- 
tion of dirt, although they may be slanting. The principal advantage 
of saw-tooth roofs is that air and natural light may be admitted from 
the windows in the roof as well as from windows in the walls. A build- 
ing with a saw-tooth roof is shown in Figure 28 on page 253. 

The monitor roof has a raised central portion with windows along 
the sides of the monitor section similar to a Tail road passenger car. (The 
roof on either side of the monitor section may be either flat or sloping. 
The principal advantages of the monitor-type roof are, first, the effective 
use of natural light and, second, the additional overhead space which 
may be used for cranes or other materials-handling equipment. \ 

The pitched roof, commonly used for residences, consists of two 
sloping sections. This type of roof is best adapted to a one-story or two- 
story building, although it is sometimes used for taller buildings. It 
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Courtesy of Davis & Geek, Inc . 
FIG. 9. Exterior of Building Planned for Production 


provides additional overhead space which assists in the movement of 
air if the ceiling is omitted. 

The bow-type roof has increased in popularity during recent years, 
^particularly for warehouses and temporary structures. It provides a max- 
2ioum of overhead space; for this reason, the walls are sometimes not 
its tall as in buildings of more conventional types. 

. The V-shaped roof hastens the flow of rain water, as compared with 
MScftat roof. It reduces the need for gutters and downspouts and makes 
3§Sii3dt4ess likely in winter. However, it provides less overhead space 
intensify the effect of ice and snow. The lack of broad eaves 
rib protect walls and windows from rain and to afford some protection 
rfromlwitla&tsummer may be another objection to this type of roof. The 
various *N*(j| of roofs are illustrated in Figure 8. 

. A b iiip B gg that has been constructed with particular reference to 
^aroducti^^equirements is illustrated in Figure 9. This building, which 
||S used i&c lfae manufacture of surgical supplies, is partly one-story and 
: partly ts^hStory. The roof and wall supports in the one-story section 
faayc jjjpe^uilt to permit the addition of a second story when additional 
space is' needed, since the roof consists of a concrete slab and all utilities 
available in the space between the roof and the ceiling. While the 
lines are pleasing, the building construction is economically 
rather than esthetic beauty. The window space 
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and also the interior arrangement have been planned with particular 
reference to the requirements of lighting and air conditioning. 

ADAPTATION OF THE BUILDING PUN 

The plan for the building should be adapted to the need of em- 
ployees, the manufacturing processes, and the standards of appearance 
and cleanliness expected by the community. The building can greatly 
affect employee and public relations as wqll-as manufacturing costs. 

Employee Comfort. The building should be designed to provide 
comfortable, healthful, and reasonably quiet working conditions \for 
the employees. Problems of employee comfort should be considered in 
the initial plans; for in many respects, employee health and comfort a^e 
affected by features that are embodied in the building structure and are 
not easily changed after the building has been completed. For example, 
the building plan may make provision for air conditioning, dust and 
fume control, a proper use of color inside and outside the building, 
glare-reducing glass, glass blocks in the walls, accoustical partitions 
and ceilings, and roof insulation. Private offices for foremen which 
shut out dust and noise but permit a clear view of the work area may 
be incorporated in the original plan. Foremen’s offices permit confiden- 
tial talks with employees and also make readily available the various rec- 
ords needed for supervision. 

Provision should also be made in the original design for such em- 
ployee services as toilet and washroom facilities, showers, first-aid 
rooms, and possibly canteens, a cafeteria and kitchen service, meeting 
rooms, and an auditorium for recreation and training. Before the 
inal plan is completed, these services should be located and the amount ■ 
of space to be allotted to each should be fixed. Provision should also 
be made for employee traffic. Some building plans provide for en- 
closed walkways and passages flanking the production flotiit in order 
that employees in reporting for work may not interfere with produc- 
tion or be exposed to accident hazards. Space in locker roams and at 
entrances may permit the incoming shift to keep off the flodl until the 
previous shift has vacated the production area. , , ^ 

Built-in Safety. Safety is another problem which should beconsid® 
ered in the original plans. Building codes and fire regulations make” 
specific requirements for safety. In many cases, such regulations are 
regarded only as the minimum requirements, and safety provisions not 
required by law are often incorporated in the building plan. Many fix- 
tures of the building entrances, stairways, elevators, materials-handling 



- u* * 


THE BUILDING AS PRODUCTIVE EQUIPMENT 


173 


equipment, lighting, and heating affect safety. Concrete steps may be 
capped with a metal grill or other device to prevent slipping as well as 
to prevent wear. Rail supports should be provided for stairways inside 
and outside the building. The stairway should be wide enough for a 
double line of travel but not wide enough for three persons unless 
there is an intermediate handrail. The angle at which the steps rise to 
tire next floor, the width of the tread, the height of the rise, and the 
uniformity of both the tread and the rise are important features. A door 
should not be placed to open immediately upon the stairs. Doors that 
lead to stairways should be self-closing and protected with wired 
glass. The lighting facilities and also the location of the electric 
switches are important in safety. Overhead cranes that are located in 
such a position that heavy materials are lifted over the heads of workers 
create an accident hazard. The dangers resulting from crossing high- 
ways, railroad tracks, and production lines are frequently eliminated 
by underground passageways leading from entrances or locker rooms 
to the main floor. After the building has been completed such features 
as these cannot be changed except at substantial cost. 

Another important feature of safety is fire prevention or fire control. 
A single fire can wipe out the profits of years of successful operation 
not only because of the property damage but also because of the loss 
of profits resulting from the interference with production. Fire in- 
surance rates vary with the extent of the hazard. Buildings cannot be 
made entirely fireproof because of the hazards incident to the processes, 
including the use of paints, grease and oil, and solvents. A fire that gets 
Out of control may cause the building to collapse because steel beams 
' may buckle with heat and pressure from the weight of the roof and the 
superstructure. Important features of the building plan for the reduc- 
tion pf the fire hazard are automatic sprinklers, sufficient hydrants to 
.perm&two streams of water to be played on any part of the building, 
the provision of two sources of water supply, roof decks of noncom- 
bustible Material with the joints sealed to prevent any combustible 
waterproofing substances from dripping into the building in case of 
fire, ventilators to exhaust heat and smoke, and provision of portable 
fire extinguishers and ladders in sufficient numbers at convenient loca- 
tions. While a building is being constructed, especial attention should 
be given io fire protection because of the possible accumulation of trash 
and the exposure of steel beams. Roadways should be kept clear, and 
trash should not be allowed to accumulate. 

Prevision for Expansion. The need for increased capacity in the 
TOxture should be considered in locating the plant, planning the build- 
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ing, and arranging the layout. Such provision is most easily made in a 
small-town or suburban location where additional land may be acquired 
at prices that are not prohibitive. Building plans may provide for 
temporary walls, prepunctured steel beams, large service distribution 
lines, and proper location of services. The amount of anticipated ex- 
pansion will affect the plans. The expected expansion may be anywhere 
from 10 to 50 per cent. 

Closely related to expansion is the problem of flexibility to permit 
new production methods because of changes in product design, thei de- 
velopment of new products, the installation of new machines, and new 
materials-handling equipment. Flexibility in production may be in- 
creased by high ceilings, few columns, wide bays, and strong floors. 
Flexibility in the arrangement of production facilities is also achieved 
by the arrangement of connections for light and power and the pro- 
vision of extra connections for use when the layout is changed. The 
plumbing facilities may be constructed to facilitate changing the loca- 
tion and arrangement of the service areas. 

The need for flexibility has been emphasized by such developments 
as new types of conveyors, lift trucks and pallets, fully automatic ma- 
chines, and automation. The amount of storage space both in the usual 
storage areas and along the production line may be increased to prevent 
interruptions to production because of labor troubles in the plants of 
vendors and interruptions to transportation services for various causes. 



Courtisy of Troscok'StHHfe* 

FIG 10. Stool Roof Supports and Wide Unobstructed Floor Space V'' 



THE BUILDING AS PRODUCTIVE EQUIPMENT 


175 


The development of new alloys and the increased use of metal in build- 
ing construction have permitted significant changes in building designs 
in respect to wide spans and type of roof. Figure 10 shows the interior 
of a building that provides wide spans for workplaces which have been 
made possible by steel supports for the roof. 

The additional plant capacity provided through plant expansion 
is often found to be less costly than the same capacity provided by a 
new plant. The lower cost of plant expansion may arise in part from 
the more effective use of plant services available at the old plant. For 
example, an expansion of the manufacturing department may be made 
with little or no expansion of the raw materials storeroom, employee 
service facilities, receiving and shipping platforms, railroad trackage, 
service roads, water mains, and other services. To be more explicit, a 
steel company increased its capacity by erecting another blast furnace 
with no expansion of coke ovens, rolling mills, fabricating departments, 
or plant services. However, other considerations may sometimes require 
the construction of a new plant in a different location. 

External Appearance. At little extra cost, the exterior of the 
building may be made pleasing and attractive. At least it need not be 
ugly and objectionable. It should not be decorative or ornamental, and 
no attempt need be made to conceal the fact that it is a factory building. 
Good design is achievel by proportion, balance, and strong, flowing 


lines. Landscaping is important, for no building makes a good presenta- 
jfjon in an ugly environment or in crowded quarters. This fact is an 


added advantage of a suburban location, the industrial park, or a loca- 
jttfcon a superhighway, although in urban industrial districts many 
Mwm acturing concerns could do much to improve the appearance of 
S^Kby giving proper attention to the building and grounds. 

Ifoddiag appearance is an important factor in employee morale, 
good environment. Whether or not employees consciously 
analys^^^pauses of their attitudes, they respond to those acts of their 
empkrpHni^lt indicate that he is interested in their comfort and welfare. 
AppearaSSKis an important factor in the development of good com- 


munity fljfltions. 


Meft ^ Sw me Program. Maintenance problems are considered in 
le ori ginal building plan since maintenance costs can be reduced by 
prOpetaifention to floors, walls, type of construction, ceiling heights, 
ahdrfhe location of the maintenance department. After the building is 


into service, management should seek to protect its investment by 
pittg the property in a good state of repair. Preventive maintenance 
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« designed to discover the need for repairs before extensive damage 
has been done. Some features of the building require more frequent at- 
tention than others, but the program should be organized on a five- to 
ten-year basis. Attention should be given to floors where damage may 
be caused by moisture, oil, or heavy traffic loads. Cracked masonry 
joints in the walls should be repaired by replacing the mortar. Walls 
that permit water to penetrate should be calked, and cracked putty 
around the glass should be replaced. If glass in windows is broken, the 
cause should be found and corrected if possible. Broken windows may 
indicate a settling of the building or excessive loads on the floor above 
the window. It may also indicate the need of wire guards inside or 
outside the building. The maintenance program should include roof 
inspection and repairs, painting, window washing, and ordinary house- 
keeping. It should preserve both the operating efficiency and the good 
appearance of the plant. 

Renovation of Building and Equipment. Some companies find, 
after a period of years, that their building and equipment are not 
adequate to meet changing conditions. The need for renovating plant 
and equipment could arise because of one or more limitations. Ceiling 
heights might be too low for certain types of materials-handling 
equipment. Floors or walls might not carry the weight of machines and 
materials required by changes in technology or products. Aisles might 
be too narrow for the manuevering of trucks or trackless trains. Col- 
umns might interfere with the movement of materials and equipment. 
Building construction may make good lighting or air-conditioning 
costly. Plant construction may not permit efficient layout or adequa&i. 
capacity. Employee facilities may not be sufficient in view of changed 
personnel policy. External appearance may be objectionable. An ad-f 
cumulation of these limitations may require action by the management. 

The obsolesence of the building might be reflected in increasing costs 
of the product, higher maintenance expenses, increased downtime of 
machines, delayed deliveries, and the loss of business. If j* company 
operates a second plant in another city, the difference between the 
operating expenses at the two plants may be revealed in the. monthly 
cost figures. The company might continue to operate the old plani 
even though it is not as efficient as a new plant would be, but it should 
at least give careful attention to the alternatives. 

When a company finds that it cannot compete effectively with, its 
present plant, it may follow any one of four alternatives. First, it might 
close the plant. In this case it would sell all the equipment and ais- 
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pose of land and buildings in order that production may be concen- 
trated at other existing plants. Second, it might build and equip an- 
other plant in the same area, possibly in a suburb or in a nearby city. 
Third, it might keep the old plant and its equipment for certain spe- 
cialty products and build an additional plant to house new equipment 
with special requirements. Finally, the company might modernize the 
old plant and its equipment to reduce operating costs and provide 
facilities for new products. The choice of alternatives will depend 
upon the cost of the change-over, the plans for future expansion, the 
availability of capital, and the economies to be achieved. 

The decision to abandon, renovate, or build would be made by 
the president and the board of directors, with the advice of the major 
executives. The plant superintendent might make a study of the prob- 
lem with the aid of a committee whose membership includes the fac- 
tory manager, the chief accountant, the manager of industrial and pub- 
lic relations, and the purchasing agent. Possible plant sites would be 
studied, data as to cost of machinery and building would be compiled, 
and the costs of renovation would be estimated. If a modernization 
program is decided upon, the co-operation of general foremen and 
foremen would be expected. The changes should be planned with a 
minimum of interference to production and delayed deliveries to cus- 
tomers. 


QUESTIONS 

1. Under what conditions might a company rent a building instead of owning 
Afcjd ant? 

y --^Explain the advantages of the sale-and-leasc-back arrangement. What are 
lh* disadvantages ? 

3. IT the management decides that the next 30 years will be a period of 
Creeping inflation/’ would it prefer to own its building or to sell and lease back? 

4. Show the relation of type of building required to plant location and the 
layout of the plant. Why cannot one problem be settled without reference to 
the other? 

5. Nante some industries that could use the multistory building to advantage. 

6. Name some industries that would require a single-story building. 

i 7. What are the advantages of the steel-frame construction for single-story 
^buildings? For multistory buildings? 

8. Illustrate methods of built-in safety. 

9. Why are precautions against fire important in the steel-frame building? 
-40. Why is the external appearance of a factory building important to the 
company? 
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CASES 

16. HAZARDS IN A FIRE-RESISTANT BUILDING 

The transmission plant of General Motors Corporation at Livonia, Michigan, 
had been designed with a view to the elimination of fire hazards. No wood was 
used in the walls, roofs, or roof supports, but the construction throughout was of 
steel. The only wood in the building was the wood-block construction of the floor. 
The roof structure was sufficiently strong to carry much more than the usual load 
of roof coverings, snow, and ice, and the building would withstand any yind 
pressure that could reasonably be anticipated. The materials and parts useld in 
making transmissions were noncombustible. Automatic sprinklers had beeA in- 
stalled on one side of the building for the entire length of the structure and also 
in other areas that might be reasonably regarded as danger spots. Fire extinguish- 
ers and water hydrants were also placed in various places throughout the plaint. 
However, a fire got beyond control and caused the entire building to collapse 
within thirty minutes from the start of the fire. The plant became a complete ruin 
half an hour later. Three employees lost their lives in the fire. Property damage 
was estimated at more than $700,000,000, including the loss of production. 

The plant covered an area of 34.5 acres. It had no fire walls or curtains to 
provide roof support or permit the localization of the fire. Only 20 per cent of 
the total area was protected by automatic sprinklers. The steel roof deck did not 
provide sufficient insulation to prevent the heating of the asphalt in the roof or 
the dripping of combustible material from the roof into the area below, after the 
steel beams in the roof structure had buckled. The fire hose and fire extinguishers 
were found to be inadequate not only because water and chemicals could not be 
sprayed upon the flame in sufficiently large quantities but also because the danger 
of collapse made fire fighting too hazardous after the fire was started. ^ 

On the day of the fire, a welding crew of four men was working on the over** 
head roof structure near the center of the building. A tarpaulin of combustible 
material was hung between the welders and the working area below. The $$$§ 
members were employees of an outside contractor. As the crew moved 
men were supposed to move the tarpaulin. They apparently failed to 
although the evidence on this point is uncertain. Of the four men 
two did the welding, one attended the safety ladders, and the other ni^iit^ed 
with a fire extinguisher in his hands . * 

Beneath the welders was a conveyor for the housings of the transnfil|tefB. The 
housings were dipped in a tank of rustproofing material, and a i£||£ pan was 
installed beneath the conveyor to catch the drippings from the rustj^gfing com- 
pound and carry them back to the tank. The wood blocks in the floosjjyi^ soaked 
with the compound and with oil. The compound had a flash point o®||08 degrees „ 
Fahrenheit. * ■'? 

About 3:45 P.M. the fire watcher called that the compound in the d*^ pan was 
on fire. Two fire extinguishers containing carbon dioxide were immediately 
turned upon the fire. Within a few minutes, ten hand extinguishers were brought 
into use. However, the extinguishers could not be directed at the base of the %e 
because the drip pan was eleven feet above the floor. Employees turned asxdltl 
water hose upon the fire. According to one report, the water served to spread the 
burning liquid to other areas. v 
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Within a few minutes, the drip pan became warped and twisted. The flaming 
contents were spilled upon the wood-block floor which immediately burst into 
flames. At the same time, oily deposits on the steel roof supports ignited. The 
roof deck buckled under the weight of the roof. The asphalt roofing material be- 
gan to drip through the cracks in the roof. When the asphalt caught fire, flaming 
substances were quickly scattered. Intense heat was dispersed throughout the 
building. The coverings of the electric cables burned off, and the power system 
failed. Presently, roof and walls began to collapse. When firemen from nearby 
towns arrived, they were unable to get into the building or to reach the fire with 
their hoses. They turned their attention to saving the adjacent buildings. 

Questions: 

1. Why can no building be made fireproof? 

2. What precautions should be taken in a building of this kind to reduce the 
fire hazard ? 

17. RELATION OF BUILDING DESIGN, MATERIALS HANDLING, 

AND PLANT LOCATION 

The National Container Corporation is one of the largest manufacturers of 
metal and fiber containers in the United States. Its products are used for pack- 
aging fruits, vegetables, coffee, meats, fish, olive oil, motor oil, milk, and num- 
erous other products. The company has usually sought to locate its plants near 
the markets because the product is bulky and relatively expensive to ship. The 
usual method of shipment of tin cans is as follows: From the can-making ma- 
chines, cans go by overhead conveyor to the shipping department and to the 
freight car in which the cans are shipped. Cans are stacked in tiers across the 
*#&r, with the open ends of the cans toward the middle of the car. No shipping 
containers are used, but the sides of the car are lined with a fiber covering to 

$tt$nt damage. A worker stands inside the car and lifts the cans from the con- 
fc :by means of a forklike wooden tool which permits him to lift ten cans 
9|8P^ conveyor at a time. 

^^j^l^canning plant the cans are not placed in a storeroom but are sent directly 
vAopy^^&eight car to the production lines. Cans are picked up in the car and 
•placed m It conveyor by means of a forklike tool similar to that used in loading 
the.a££ES6Cause of the economy in loading and unloading cans, freight cars 
are used' $jjfcshipment even for short distances. 

Since jtiK»4>usiness of the National Container Corporation is expanding, the 
managcGateta&is contemplating the building of a new factory in California. The 
presrdMa&^lliis been approached by the executives of a soup company with the 
r^vggestiCKnf^at the company locate its new plant on land adjacent to the soup 
* plant in a small town in southern California. This arrangement would enable the 
cans to be sent directly from the can lines to the canning plant without the neces- 
shipment by freight car. In this way, transportation costs would be re- 
duced; and delays due to car shortages or failure of the railroad company to place 
brmoye cars would be eliminated. The saving in costs would be shared by the 
two companies. 

- president of the container company inquired concerning the regularity of 
^demand for cans by the soup company and was told that demand was more con- 
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stant than the demand for cans by most packing companies because some varieties 
of soup can be made during off-seasons. The attorney for the container company 
advises that long-term contracts with the soup company for containers would 
probably be illegal under the antitrust laws and that new contracts would have to 
be negotiated each year. There is also some question as to the legality of the 
arrangement under the Robinson-Patman Act, which prohibits discrimination 
between customers. While the United States Supreme Court has not passed upon 
the legality of pricing by a plant that is located adjacent to the plant of a customer, 
a federal court held in 1949 that the American Can Company was discriminating 
between its customers in granting lower prices to<a customer who received! his 
cans from the plant of the can company by means of a conveyor. In that easel the 
court said: \ 

"The defendant may in good faith construct its factories in certain localities 
and thereby incidentally create a locational advantage to those customers situated 
nearby. In such a case, defendant may sell f.o.b. the factory, provided it is the 
normal source of supply, and the nearer customers will receive their cans at a 
smaller delivered price than those less favorably situated. This, however, is not 
discriminating for the difference is justified in delivery costs. When, however, 
additional facilities, the runway here, are furnished so that those near the factory 
receive their cans at a price lower than that normally incident to locational advan- 
tage, a discrimination does exist, and the seller, defendant here, must either fur- 
nish proportionally equal facilities to all customers purchasing that commodity, 
discontinue the furnishing of such facilities, or, in this case, discontinue the grant- 
ing of a discount based upon the existence of the facilities.” ( Russellville Can- 
ning Co. v. American Can Co ., 87 Fed., Supp. 484 , 498 .) 

The container company cannot provide the same service for all of its customers 
because it has 3,000 customers and only 58 plants. 

The labor supply in the town in which the soup company is located appears to 
be fully employed, but the container company employs a relatively small number 
of unskilled workers since can making is largely mechanized. Most of the ma- 
chines are fully automatic. The company would be required to move a substantial 
part of the management group from its present plants to the new location. \ 

Materials would be available at plants of steel mills in the San Francisco Say 
area. Although tin plate has at times been in short supply, both the steel manu- 
facturers and the government have favored food container manufacturers in 
making allotments of material. 

Land is available for the proposed location at prices that ate low in caparison 
with land in industrial areas adjacent to large cities. 

Questions: 

1. What additional information would be required before a decision is made 
as to plant location? 

2. What would be the advantage of the proposed location? 

3. What would be the disadvantages? 

4. How is building design affected by location and methods of handling 

materials? 


ti'ii 



CHAPTER 


10 Machinery 
and 

Equipment 

The problem of the selection of machinery and equip- 
ment first arises when a new enterprise is to be established. The plans 
for a new business usually begin with machinery and equipment be- 
cause the amount and types of equipment determine the need for the 
building to house and protect it. After the operations have been started, 
problems of machine selection arise from time to time as expansion 
programs are planned, layouts are changed, and old equipment is 
found to be inefficient because of depreciation or obsolescence. 

Basically, machines and equipment consist of two types — machines 
tbf fabricating or fashioning materials and machinery and equipment 
% Kldving or storing materials. 

EQUIPMENT FOR PRODUCTION 

A machine is a device to transmit or modify a force or motion and 
to direct it for the purpose of performing work. It consists of three 
parts: (1) a rigid frame or base, (2) moving parts which transmit the 
. force, and (3) one or more tools for performing work. The purpose of 
"fhe frame is to hold the other parts in proper alignment. The moving 
parts which transmit force include belts, pulleys, gears, clutches, and 
Shifting. The tools may be grinding wheels, rollers, needles, hammers, 
arapw drivers, knives, brushes, or shaping devices. 

A machine may perform three types of operations. The first opera- 
tion is that of moving or transporting the material. The machine may 
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move the material or container to the proper position for fabrication. 
After the operation has been completed, the machine may eject the 
material or move it to a storage place, bin, or conveyor. The second 
operation is holding. The material may be held in position and the tool 
moved to it, or the work may be advanced to the tool, or both the work 
and the tool may be moved. The third operation is fabrication. In the 
canning of fruit, for example, fabrication includes grading for size, 
cutting in half, removing core or seed, peeling, bleaching or coloring, 
placing in containers, and cooking. In metalworking industries, opera- 
tions consist of rolling, cutting or shearing, punching, forming, drill- 
ing, finishing, welding, assembling, polishing, and painting. \ 
From the point of view of the amount of attention required of the 
worker, machinery and equipment can be grouped into four classed 
manually operated, semiautomatic, fully automatic, and automation. 

Manually Operated Machines. Manually operated machinery re- 
quires constant attention because the worker is required to place the 
material in position for fabrication, and he may also be required to 
start the machine. With some types of operations, he may also stop the 
machine to remove the finished part. He may be required to guide the 
tool; and with some machines, such as power saws, he may guide the 
material as the operation is performed. If the machine completes the 
fabrication without any worker attention other than placing the part 
in position and starting the machine, continuous attention may still be 
required because the cycle of work is very short. The power for th|| 
operation of a manually operated machine may be supplied by 
source, such as electricity, gasoline, or steam, or manual effort. -Ex- 
amples of manually operated machines are typesetting machines, wdd&f 
ing machines, gasoline and electric trucks, and earth-moving equipigttn$^ 
In the office, manually operated machines include typewrite%-*dcffiig 
and computing machines, bookkeeping machines, and some-types of 
duplicating equipment. Hi '-: , 

The most important fact concerning manually operate&jjhadiines 
from the managerial point of view is that a worker is i ^a ga te d for 
each machine. When the worker leaves the machine, production at 
that machine stops. Production is disrupted also by absenteej£i$ tardM 
ness, and strikes. If the worker quits or is discharged, a replacement by 
transfer or the hiring of a new worker is necessary. Adjustment of 
output to seasonal variations in demand is not easily accomplished 
because an increase in production may require the hiring and training 
of workers. The quality of work done on manually operated equip- 
ment depends upon the skill of the worker, but the quality maj^* 
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better. Custom-made clothing, for example, is usually made on man- 
ually operated equipment. 

Semiautomatic Machines. Machines which are semiautomatic oper- 
ate through a cycle of production without attention. A semiautomatic 
machine requires attention only in loading, starting, and unloading it 
for each successive cycle. The machine may deposit the processed ma- 
terial in a pile which may be removed at the convenience of the worker. 
A common example is the machine for slicing meat, although some slic- 
ing machines are manually operated. Small bakeries may be equipped 
with a similar machine for slicing bread. 

Another example is the hobbing machine, which is used for cutting 
gears. A hob is a grooved or fluted hardened steel tap which is firmly 
fastened to a shaft. The outer surface consists of a fluted steel worm 
or a series of teeth which will cut grooves of the proper dimensions. 
When the worker prepares to cut gears on the machine, he fastens one 
or more blanks on a shaft, places them in the machine, and starts it. 
The rotating hob approaches the blanks and begins the cut, moving 
across the piece until it finishes the cut, when it automatically stops. 
While the machine is making the cut, the worker prepares the next 
blanks for the machine. 

Semiautomatic machines are more expensive than manually operated 
equipment, but the unit cost of the product may be less if the machines 
can be operated continuously. Investment in semiautomatic machines 
gs profitable provided, first, that the volume of production is sufficiently 
|Jrge to keep them operating at a high percentage of capacity and, 
ag^Qgtd, that the machines are adaptable to changes in product design 
par tOsthe manufacture of new products. 

the point of view of management, the significance of semi- 
anfoifi&tic machines is that one worker can attend to a battery of ma- 
chines. While one machine is processing the material, the worker may 
filLthe&pjpper of another, remove the processed material, or start an- 
other machine. The number of machines that one operator can super- 
vise cenij^always be determined precisely, and the question of the 
number nfxnachines per worker is frequently the cause of difficulty with 
^hdbor' Ph&s. Increasing the number of machines that one worker can 
4*^ra^$ficiently without stress or strain to him has been given the 
si g ni fic a n t name of "stretch out.” 

jfv The number of machines one worker can attend will depend upon 
%£fcteie required to adjust the machine and get it started again, the 
tme wquired to walk from one machine to the next, the time neces- 
sary lor the machine to process the material, the need of the worker 
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for rest periods, and the regularity of the operating time. If the work- 
er is required to keep too many machines in operation, more than one 
machine may be down at the same time, and an excessive amount of 
machine time may be lost. If the worker has too few machines to keep 
going, he will spend time waiting for the machine to process the part 
and his time is not used productively. The problem of management 
in each case is to determine the optimum number . 1 

To illustrate the problem, assume that the time required to set up 
the work and start the machine is two minutes and the operating |ime 
is five minutes. If one minute is required to get a new piece r^ady 
before the machine stops, the worker would be idle four minutes while 
the machine is running. The machine would run for five minutes and 
be stopped for one minute. If the worker is assigned a second machirie, 
he would be kept busy for four minutes and he would be idle two min- 
utes for each run of the two machines. He might be able to keep a 
third machine in operation if he takes no rest periods, does not have 
to walk far from one machine to another or from the materials stor- 
age place to a machine, if the running time of each machine is always 
the same, and if he has no interruptions. The assignment of threes 
machines would probably mean some lost time for the machines. Man- 
agement would therefore be required to balance the cost of idle time 
of the worker when he has two machines against the cost of idle time 
of the machines if he is assigned three machines. Other factors would 
be the fatigue and nervous strain of the worker, the effect upon workers 
morale, the traditions of the plant, and the attitude of the union. The 
difficulty of keeping all machines in operation when one worker is 
required to operate two or more machines is called multiple machine 
interference. 

Fully Automotic Machines. This type of machine operates con- 
tinuously through successive cycles. Fully automatic machines do not 
stop when they have finished with one cycle of operations or one batch 
of material but continue with the processing of other units. Material 
is introduced continuously by the machine, and extra parts ^re avail- 
able when required at any phase of the operation. In some machines 
the material, such as paper or cloth, is introduced as continuous stock. 
Examples are the paper used by a machine for wrapping bread and 
wire used in making nails. In other machines the materials are placed 
in a magazine, from which they are automatically fed into the ma- 

* For a discussion of methods of determining the proper number, see D. H. Denholm 
"How Many Machines per Operator?" Factory Management and Maintenance, Vol. CX11, 
No. 7 < 1954), pp. 107-9. 
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chine. The magazine may be refilled while the machine is in operation. 
Examples are automatic stokers, coffee grinders, and flour mills. The 
material may be fed into the machinery by a conveyor system. For ex- 
ample, in a bakery, the mixture for doughnuts may be poured into a 
magazine, from which it is drawn and shaped and dropped into hot 
fat for cooking. The machine turns the doughnut at the proper time and 
lifts it onto a conveyor, which moves it along as it cools and finally 
drops it into a machine for coating with powdered sugar. No attention 
is required of the worker during any of these operations. 

When several fully automatic machines are organized into a pro- 
duction line and connected with conveyors which automatically trans- 
port the material from one place to another, the factory resembles a 
single huge machine with highly complicated and fully integrated 
parts. Worker attention may be limited to supervision, inspection, and 
possibly a few manual operations at certain stages. This condition is 
approached by many factories that refine crude oil, ore, or sugar; 
process milk or cereals; or can fruits and vegetables. 

Fully automatic machines require fewer workers than do semiauto- 
matic machines. In busy seasons, production can be increased without 
a large increase in the number of employees. However, automatic ma- 
chines are more expensive to purchase and install and can be justified 
only when the output is large and designs of the product are fairly 
stable. If standards of product are exacting, fully automatic machines 
, are not always satisfactory because of the frequent attention required 
by cutting tools or because of variations in quality. For example, in the 
manufacture of corrugated paper cartons, the sheets may be automat- 
ically -fed into the machine for stapling; or in another type of machine 
the worker may place the material in position and start the machine 
by pressing a pedal with his foot. Quality may be more uniform when 
the manually operated machine is used because the worker can place 
the sides in proper position. However, an unskilled or careless worker 
may produce a lower quality product with the manually operated 
machine. 

When One machine performs more than one operation, or when 
several machines perform a synchronized series of operations, a delay 
:;*t one machine or one part of a machine means a delay all along the 
r line. For example, where one machine prints, cuts, folds, staples, and 
wraps, a magazine and prints the mailing address on the wrapper, the 
, stoppage of one part of the machine means the stoppage of all other 
r pg®(k.' The difficulty can be minimized but not eliminated by the oper- 
ation of the conveyor in such manner that a few parts are banked while 
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awaiting fabrication. In a rolling mill, for example, the slack between 
operations is taken care of by a pit into which the sheet may be per- 
mitted to dip . When one machine fills cartons with a product or fills 
bottles with a liquid and the next machine closes the carton or caps 
the bottle, a reserve supply of cartons or bottles may be provided by 
a loop in the conveyor between the two machines. However, arrange- 
ments of this kind may provide merely for slight differences in the 
rate of fabrication or other operation at different stages. They do 
not eliminate the difficulties of long delay due to machine breakdown. 

Automation. With increasing mechanization and the development 
of electrical controls for manufacturing operations, a production Line 
may be set up which not only moves the materials from one fully auto- 
matic machine to another for further processing but also provides Apr 
automatic correction of any maladjustment of a machine at any point in 
the processing. This advanced concept, which is known as automation, 
includes the five following elements: 

1. The material is automatically moved from one workplace to another. It 
may be moved by conveyor belts, chains, slats, or other method. The movement 
may provide a continuous or intermittent flow of materials. 

2. The material is automatically fed into the machine at the next workplace 
by transfer from the conveyor, or the material may be delivered from storage 
racks, hoppers, or reels of stock. The method of delivery depends upon the ma- 
chine which is to perform the work, the physical characteristics of the material, 
and the optimum rate of production. 

3. The processing of the materials is performed by machines according to 

established sequence and time schedule. The machine operations includ^dfe 
usual manufacturing work, such as drilling, pressing, assembling, rive^^r'ot 
bolting. - Jr?""' 

4. The materials are automatically discharged from the machine nd the 

processing is completed. They are removed by conveyor, gravity (jtefe pueu^ 
matic ejector, or other device. The discharge of materials by the ftut$h$ne is the 
least difficult phase of automation. " ' " V 

5. The machine inspects the product or the conditions under worifc 

is done, and it corrects itself if any correction becomes necessary,. principle 
of self -correction is known as the feedback. ■ 

■*»< 

* The feedback embodies the principle that control. is related to pet 
formance rather than planned operations. 2 In the automatic factory 
for example, a machine might be set for a processing time of tfcret 
minutes; and if the inspection of a part indicates that the time is in 
sufficient, the operator is required to reset or to adjust the macty$£% 

'John Diebold, "Automation— the New Technology,” Harvard Business Review, Vol 
XXXI, No. 6 (1955), pp. 63, 64. \ 




FIG. 11. Automatic Control of Plant Operations 
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correct the difficulty. In the automated plant if the machine time is in- 
sufficient, the machine can automatically allow more time through 
the principle of the feedback or the electronic control. Likewise, the 
governor on a steam engine will automatically adjust the flow of the 
work load rather than permit the machine to remain at the prearranged 
setting. If the materials are to be processed at a certain temperature 
with a given air pressure and with a given amount of humidity in the 
air, the machine corrects itself in case a variance should develop. 
Feedback devices may be tied together to' form a complete systeri of 
machines that process the materials and are self-correcting. Parts \are 
automatically gaged or inspected after each operation, and the ma- 
chine is automatically corrected when the parts begin to drift from 
quality limits. All assembly, finishing, and packaging operations ate 
integrated into one system. The method of electronic controls in auto- 
mation is illustrated in Figure 11® 

A section of an automated plant is illustrated in Figure 12. This pic- 



Courtesy of Ford Motor Co* 

FIG. 12. Automated Engine Plant 


* Adapted from Norman Weissman, "What You Need to Know about Electronic Con- 
trols,” Factory Management and Maintenance, Vol. CXI, No. 9 (1953), pp. 118-27; Used 
by permission. 



MACHINERY AND EQUIPMENT 


189 


ture, which shows a part of the engine plant of the Ford Motor Com- 
pany at Cleveland, was taken while the department was in full pro- 
duction. It illustrates how a series of fully automatic machines may 
produce without worker attention. In the department shown, 115 
separate machining operations are performed on the engine block as 
it moves through the 19 stations. The air vent tubes in the center of 
the work area remove particles of metallic dust and contribute to the 
cleanliness of the workplace and the quality of the product. 

Many kinds of production cannot be automated, but where auto- 
mation is possible the results are far reaching. Plant location is affected 
less by labor requirements and more by such factors as nearness to 
sources of raw materials, service industries, markets, and power. Plants 
need long clear spans to simplify the installation of equipment and 
the free flow of materials. Less square feet of floor space is required 
because the machines can be placed closer together and the space re- 
quirements for machine operators and personnel services are reduced. 
Plant organization is affected because the number of workers perform- 
ing manual operations is reduced. More workers in the skilled classifi- 
cations are required. For example, industry needs more tool and die 
makers, patternmakers, cost estimators, and engineers. Automation 
therefore results in technological unemployment in some areas and 
shortages of workers in other categories. Labor problems are changed 
because of the smaller number of machine operators or production- 
C : , dine workers. Since machines do not practice slowdowns, go on strike, 
.‘4jt require rest periods and coffee breaks, the character of supervision 
Js iftfso affected. 

Aartomation changes the break-even point because of the greater 
overhead expenses for depreciation, taxes, insurance, interest on in- 
vestment, and maintenance. An increased amount of salary expense 
becomes fixed because of the need for maintenance employees, technical 
assistants, and machinists. Employees in these classifications cannot 
Safely be laid off with each decrease in the volume of production. 
However, automation decreases payments for annual wages to em- 
ployees, supplementary unemployment benefits, and other indirect 
payments. Ultimately the effect of automation, like other improve- 
~ rnents in efficiency, will be a higher standard of living, a greater 
- amount of leisure time, and less manual effort on the part of the 
people employed. 

General-Purpose Machines. From the point of view of the variety 
of uses, machines are classified as general-purpose and special-purpose, 
^machine is designated as general-purpose if it can be used to per- 



190 management of industrial enterprises 

form more than one type of work. This statement does not mean -that 
the machine will perform all types of operations, for all machines have 
relatively small adaptability. An example of a machine thatTs us d o 
many purposes is the lathe. This machine holds, and rotates.a piece of 
wood, metal, or other material to which a cutting tool is presented The 

tTmes'il A™ °V athe r S the P° tter ’ s wheel was used in ancient 
times in faking of vases, bowls, and other pieces of pottery. It was 

moSeH % Ch -Tr f0tated and ° n Which a Ium P ^ clay was 

of Z» Symm l ? ^ by ^ handS0f the wor ^ er " improved 

type of potters wheel is still used in making many types of miry 

One type of lathe is shown in Figure 13. In this picture? the woAelis 
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machining the top contour or face of the diffuser for a centrifugal pump. 

In a manually operated lathe the cutting or shaping tool is held or 
clamped against a rest. In a senfiautomatic lathe the tool is held in a 
slide which automatically moves across the part to make the desired cut. 
A number of cutting tools may be fixed in a turret or monitor which is 
pivoted in such a manner that any one or more of the tools may be 
presented to the work. The lathe is adapted to a wide variety of opera- 
tions by a change in the cutting tools. 

Another widely used general-purpose machine is the milling machine. 
This machine is equipped with fluted, sharp-edged rotary cutter sur- 
faces for shaping and dressing metal. The hobbing machine which was 
mentioned earlier is an example of the milling machine. It may be 
adapted to various types of work by changing and adjusting the cutter. 
The milling machine is one of the most flexible machines found in 
industry, since it can be used for smoothing wood or metal surfaces as 
well as for cutting milled edges and grooves. Other general-purpose 
metalworking machines are drilling and planing machines. 

Some machines that have relatively little adaptability can be used for 
more than one type of operation. For example, the machine that is 
used for slicing bread can easily be adapted to different thicknesses of 
the slice and different lengths of loaf. A machine for shearing a sheet 
of metal for making a can is adaptable to different sizes of the sheet 
and different sizes of strips. A machine for making glass bottles and 
grs can be used for many shapes and sizes by changing the molds. The 
pging of machine tools and fixtures for a new type of operation is 
ip§f|Lsetting up the machine, and the worker who makes the change 
liPPll a set-up man. The costs incident to such a change include the 
wagijfi-Sif the set-up man, the downtime of the machine, and the delay 
in preid^tion. 

Gensn&purpose equipment affords many advantages. Plants that are 
f^ipped^Kith general-purpose machines can produce a variety of 
acts by a-^gety of operations. In fact, a company whose products are 
not standardized must use machines and machine tools of a wide range 
of usefafcwss, size, and type. A second advantage of general-purpose 
equipment' & that a change in design of the product or the addition of 
S view product does not necessitate new equipment or a new layout, al- 
thoughsuch a change may require changes in tools or attachments. The 
Offltt-dE general-purpose machines is relatively low because the ma- 
<f8$|&$ee standardized and machinery manufacturers can produce them 
for stock. The total investment in machinery and equipment is at a 
flJggtattoi because the machinery is adaptable to various types of work 
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and can more easily be used to capacity. Repair costs are kept low be- 
cause parts are standardized and some kinds of parts can be used in two 
or more machines. Repairmen become familiar with mechanical diffi- 
culties that arise and with methods of making repairs. Workers and 
foremen become familiar with the operation of the machines. The ob- 
jection to general-purpose machines is that they are relatively slow and 
may not produce the parts in the desired quality. 

Special-Purpose Equipment. This type of equipment cannot be 
used for any work other than that for which it was designed. Fojr ex- 
ample, a machine might be especially designed to peel pears! cut 
peaches in half, remove grapes from the stems, or test a tin can\for 
leaks. Such a machine would ordinarily not be profitable to buy \f a 
change of product might require that it be scrapped. Much special 
equipment has been used by manufacturers in the mass-production in- 
dustries. The installation of special-purpose equipment depends upon 
such factors as initial cost, maintenance required, efficiency of opera- 
tion, obsolescence, possible changes in the design of the product, the 
volume of output, and the amount of special work the plant is expected 
to produce. Machines of special design may be fully automatic and 
capable of producing a large quantity of work within a short time. 

The initial cost of special-purpose machines is high because each 
machine is especially designed and manufactured. Maintenance expenses 
are also high because many of the parts are not standard. However, the 
unit costs of parts made or processed on such machines may be low,, 
because the output per hour is high, downtime is less, and quality »*, 
more uniform. Because each type of machine has certain advantages, 
a plant may be equipped with some machines of each kind. 

Some plants use general-purpose machines for special purposes by' 
means of especially designed fixtures or machine tools. The machine is 
used continuously on the same operation until a run is completed or 
perhaps until the design of the product is changed. This arrangement' 
permits the company to realize some of the economies of special-pur- 
pose machines while minimizing the costs of changes in pipit layout' 
and in product design. 

Factors in the Selection of Equipment. In addition to the amount 
«f supervision or worker attention required by a machine and the opera- ' 
tions which it is designed to perform, other features are important in 
selecting equipment. One factor is the permissible variances in the 
dimensions of parts. A machine will process a part to certain dimen- 
sions, but the parts will not be exactly the same. The standards forth* 
product permit some variations from the prescribed dimensions which 
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are called "tolerances.” If the parts as processed by a machine vary 
from the standard dimensions by more than the tolerances, further 
machining is necessary to remove' the excess material, or the parts must 
be scrapped. One factor in the selection of machinery, therefore, is the 
required exactness in the processing of the material. 

Another consideration is the maintenance necessary to keep the ma- 
chine in good operating condition. Maintenance includes lubrication 
and the replacement or adjustment of moving parts. The ease or diffi- 
culty in adjusting or lubricating the machine is sometimes important. 
Many machines are equipped with self-contained lubricating units which 
keep them properly lubricated while they are in operation. This de- 
vice reduces maintenance expenses, lengthens the life of the machine, 
and decreases the amount of downtime. 


Repair costs are also affected by the cost of parts and their availability. 
If a new gear to replace a broken one can be obtained only from the 
manufacturer, the purchaser of the machine may be required to keep 
an abnormally large supply of repair parts or run the risk of delay as 
a result of machine breakdown. 

The output of a machine should be compared with the cost of elec- 
tric power, gasoline, or other fuel required to operate it. A familiar 
example is the cost of gasoline for an automobile in relation to the 
number of miles traveled. The output per hour or day of a machine 


is also important. This figure may be compared with the miles per hour 
life r an automobile. 

Ste SThe machine may materially affect conditions for persons who work 
or near it. In some cases, the machine may cause an excessive 
c «S^ft,of noise and vibration, which will affect both employee and 
commuSKty relations. A machine may give off an excessive amount of 
heat, ti&ich will complicate the problems of air conditioning. Some 
a^i|R«i^r processes emit fumes and gases that are objectionable or 
. lien injurious. Machine design will also affect lighting conditions, al- 
though color can be changed by repainting. 

In the selection of machines, attention should be given to safety 
features* although all machine manufacturers now attempt to design 
Jheir products to meet rigid safety requirements. Safety features em- 
- bodied in machine design usually include mechanical devices to feed' 


r die material to the cutting tool and to eject the finished parts. Control 
: devices may require the worker to use both hands to operate such 
g, machines as cutting and trimming machines in a bookbindery or a ma- 
jlchtae fbr pressing suits or ironing shirts in a laundry. Guards on circle 
mxft may be designed to make it impossible for workers to get into 



194 


MANAGEMENT Of INDUSTRIAL ENTERPRISES 


the danger 2 one. Some machines are equipped with a device to push the 
hand of the worker out of the way of the tool as it advances toward the 
work. Numerous types of covers, fencing, barricades, and other en- 
closures protect workers from falling into moving parts. As a further 
precaution, moving parts may be located away from rather than ad- 
jacent to aisles and passageways. Belts and cranes may move over- 
head, where the danger of contact is eliminated. Automatic control 
levers, buttons, switches, and safety control devices should be located 
at a point on the machine where they are readily accessible to the work- 
er at all times, in order that he may stop the machine in an emergency. 
The accident hazard is also reduced by having the machine do \he 
heavy work. This arrangement allows the worker greater freedom 
of movement. \ 

EQUIPMENT FOR HANDLING MATERIALS 

Among the newer phases of industrial management are the develop- 
ment and widespread use of specialized equipment for the handling of 
materials. In the days of Frederick W. Taylor, much of the handling 
of materials was done by hand methods. Men with shovels loaded and 
unloaded cars of coal and gravel. Before World War I, improved 
methods were developed for the movement of various kinds of ma- 
terials both inside and outside the plant; but in many cases the new 
methods were not immediately installed. Because interest was centered 
in the development of efficient machinery for processing, inefficient 
methods continued to be used for the transportation of the material. 
Since 1920 and particularly since World War II, the adoption of im- 
proved materials-handling methods has been more rapid. 

Costs Resulting from Poor Methods. An obvious cost of poor ma- 
terials-handling methods is the wages paid to laborers. In factories 
that fabricate lightweight materials, such as clothing, radios, watches, 
or telephones, internal transportation is less costly than it is for a 
cement mill or a meat-packing plant; and in some departments, the 
materials may be merely pushed along the bench from one worker 
to another, or a worker may leave his workplace to get a batch from 
Inother machine. However, this method may result in damage to parts 
if the materials are not carefully moved. In plants that move heavy, 
bulky material, the wages paid to workers employed in moving ma- 
terials have sometimes constituted as much as 80 per cent of the total 
labor cost. This factor is a significant part of the cost of manufacture. ' 

Poor materials-handling methods are also costly because they increase 
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the cost of plant space. When materials are handled by man power, 
wide aisles should be provided for trucking. Material must be stored 
at the workplace until it can be moved. In the storeroom, material 
cannot easily be stacked to the ceiling unless special equipment is 
used to lift it and to place it back on the floor when it is needed. 
Space is not properly utilized, with the result that the plant operates 
below its maximum capacity. The congestion of material between 
departments and around the workplaces may create a false appearance 
of activity. Improved materials-handling equipment causes the parts 
to be moved along rapidly to the assembly line, the storeroom, or the 
shipping room. 

In estimating the possible savings from the installation of equip- 
ment for handling materials, the plant engineer would make a careful 
survey of present methods in comparison with the proposed methods. 
This survey might be made with or without the assistance of equipment 
manufacturers. The report of the survey would show the number of 
men engaged in moving materials, the time spent, and the labor cost. 
It would also include an estimate of the time lost by workers in each 
department waiting for materials and the wages paid for idle time. The 
costs of interruptions to production and the annoyance to foremen and 
workers due to delays should also be estimated, even though the costs 
cannot be accurately determined. In some companies that handle heavy 
materials like cement or make a bulky product like tin cans, the 
planned production from week to week may vary considerably unless 
'efficient methods of handling materials can be used. The cost of storage 
Space adjacent to the workplace and the loss of overhead space that 
cannot be utilized without the better methods of materials handling 
should be estimated. Estimates should also be made of accident costs, 
premiums on compensation insurance, and losses on spoiled work due 
tp the poor methods. A survey of this kind is designed to determine 
whether any changes should be made and what type of equipment 
should he installed. 

Principles of Materials Handling. Although the principles that 
will guide management in planning for materials handling will vary 
with the materials and the methods of production, attention may be 
directed to certain objectives. Safety assumes special significance be- 
cause workers may be injured by improperly lifting heavy packages or 
by having materials dropped on feet or hands. Gravity conveyors or 
chutes are economical when they can be used. Movement of materials 
in a straight line constitutes another objective. 

* The unit-load principle suggests that the more pieces or pounds 
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moved in a single handling operation, the lower will be the cost per 
unit and the shorter the time required. However, the size of the unit 
load may be limited by weight, bulk of the unit, the width of aisles and 
doors, and capacity of the floors for carrying heavy loads. The size of 
the unit load may be increased by the use of skids or pallets which are 
moved by lift trucks. 

Other principles of materials handling apply to the equipment. 
Mechanical equipment for lifting and moving materials has decided 
advantages in the handling of heavy materials or large numbed of 
units. The economies of materials handling should permit the man- 
agement to recover the cost of equipment within a relatively short time. 
The economies in the use of equipment are affected by the speed W 
which a truck or other unit moves, the ratio of the weight of the 
equipment to the weight of the load that is carried, and such equip- 
ment details as automatic couplings, nonfriction bearings, and rubber 
tires. The nature of the materials handled may require that the equip- 
ment be capable of a variety of uses. 

Factors in the Selection of Equipment. Some plants may effect 
greater savings from materials-handling equipment than others. One 
difference results from the weight of the materials because some heavy 
materials require cranes or trucks while lighter materials may be 
moved by conveyor or by the workers. Hot materials require special 
types of equipment. If the number of units is great, such as loaves of 
bread or tin cans, a conveyor would usually be economical. The valv 
of each unit constitutes another consideration. Differences also ay 



’ Courtesy of American Cm Co, 

HO. 14. Movement of Tin Cons to Freight Car by Conveyor 
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because of the need for a continuous and uniform rate of movement 
for certain kinds of materials. .Other factors are the distance to be 
moved, the possible damage to materials in handling, and the flexibility 
required. Flexibility may be provided by the linking together of a 
number of units as shown in Figure 14. 

Types of Materials-Handling Equipment. It is not possible to 
describe, or even to enumerate, all of the various types of equipment 
that are available. Hoisting machinery includes various types of cranes, 
derricks, cableways, bucket conveyors, power shovels, and dredges. The 



Courtesy of Weslingbouse Electric Corp . 
FIG. 15. Powered Conveyors and Gravity Chute 
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railway and motor-truck systems outside the plant are an important part 
of the equipment for handling materials. Elevators for moving ma- 
terials from one floor to another may be automatic or may be operated 
by an attendant. Materials may be moved from an upper to a lower floor 
by gravity chutes. To delay the descent, the chutes may be circular or 
spiral. The friction of the material against the outer wall of the chute 
slows its movement and prevents damage when it spills out at the end 
of the chute. Powered conveyors and a gravity chute are shown in 
Figure 15. ' ( 

Overhead Conveyors. One type of overhead conveyor is a crane 
which moves on a runway. It may move the length of the shop. Over- 
head chain conveyors may be used to carry parts of any type from oi>e 
workplace to another. The carrousel conveyor is an endless chain which 
moves from the storeroom to the assembly line and back again to the 
storeroom. It is often used to keep the assembly line continuously sup- 
plied with parts. The conveyor may be directed upward in some areas 



Courtesy of Electric Industrial Truck Association 

FJG. 16. Some Uses of Lift Trucks for Materials Handling 


and may be dipped downward where the parts are needed. Such an 
overhead conveyor has also been used to store parts until they are re- 
quired: A part on the conveyor line is always within reach of the 
worker, but it need not be removed from the line until it is needed. 

Trucks. Tracks may be used to pull one or more trailer loads. Some 
tracks are equipped with cranes for lifting heavy parts; others are 
equipped with forks which may be inserted beneath skids loaded with 
materials and which may thus lift the entire load without rearrange- 
ment. Trucks may also be equipped with devices to lift newsprint, oil 
drums, reels, sheet steel, concrete or steel pipe, and other materials. 
Some uses of lift tracks are illustrated in Figure 16. 
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In many plants, materials-handling methods have been revolutionized 
by the use of pallets and lift trucks. The pallet is a platform or two- 
faced skid. It has a flat base that rests on the floor. Above the base are 
short legs or runners which support a second platform of the same 
dimensions as the one which rests on the floor. Material may be piled 
on the pallet with the cartons interlaced to prevent them from falling 
off when moved. When the loaded pallet is to be moved, the fork of 
a fork-lift truck is inserted between the two faces of the pallet, and 
the whole load is lifted off the floor; pallet and material are then 
moved to the new location. The truck can set the pallet on the floor or 
lift it to any desired height within a considerable range. Since the 
pallet has a flat base, one load of material can be piled upon another 
without damage to the material. With a fork-lift truck the top load of 
a tier of palletized material can be easily removed, or the entire stock 
of material can be rearranged if necessary. The pallet system makes 



Courtesy of Safeway Stores 


FIG. 17. Use of lift Truck for Storing Materials on Pallets 

Note manner of interlacing cartons to prevent falling. Driver is protected by grillwork 
above his head. Inventory taking would be facilitated if the same numbers of cartons were 
placed on each pallet. More even piling would reduce the danger of damage to cartons 
and contents. 
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possible a more effective use of storage areas and the utilization of 
overhead space. It reduces the possibility of damage to materials and 
injury to persons. It promotes cleanliness and orderliness in the store- 
room. It saves handling time by eliminating the need for dunnage 
boards to spread the weight of a stack of material. The pallet and lift- 
truck method is illustrated in Figure 17. 

Many special types of pallets have been designed and developed. 
Some are made of sheet metal; and others called boxed pallets have 
boxed-in sides and a top to prevent materials from falling while] they 
are being moved. Some boxed pallets have double-faced tops asywell 
as double-faced bottoms. A fork-lift truck has been devised which\will 
invert the pallet and place the opposite side up. This device is especially 
adapted to up-ending condensed milk which must be turned about every 
thirty days to prevent spoiling. Special boxed pallets have been de- 
signed to store odd-shaped materials. 

When the pallet system was first developed, it was used largely for 
intraplant transportation. The pallets were considered to be too expen- 
sive for interplant movement of materials unless the pallets could be 
returned. Later, many companies began the practice of packing finished 
merchandise on expendable pallets for shipment to customers. The pal- 
lets are made of cheap grades of wood or fiber and need not be re- 
turned. Each shipment of this kind constitutes a relatively large quan- 
tity. The amount stacked on one pallet should be planned in relation 
to the usual quantities purchased by customers and the width of tMj 
freight car or truck in which the shipment is made. When pallet lang 
of materials are stored in a warehouse or storeroom, the pallets rti ppH ? 
placed at an oblique angle to the aisle to reduce the labor 
storing and issuing. If a pallet is placed at right angles to th$lpfe; v it 
must be removed in the same way. A pallet that is placed at^£&'*ngle 
is part of the way out of the row when the truck begins to ig|gj£it and 
the possibility of damaging the materials is reduced. A sm^i amount 
of additional space is needed when pallets are placed at a&fcngle, but 
die difference is not substantial. %f> 

Another type of truck for storing and moving materials isshown in 
Figurel8. Although this type of truck may be used in the handling of 
materials of various sizes and shapes, the illustration shows a special 
use for it. The metal tubing may be placed on the truck during an 
operation, moved into a storeroom or stored at the workplace until 
it is required at the next workplace, and then placed in position for 
use at that station. The .materials in the illustration shown are heavy, 
and large numbers of them are used. However, the movement of. the 
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Republic Steel Photo 

FIG. 18. Hand Truck Used for Storing and Moving Materials 



from one workplace to another is not continuous, and con- 
Drage at each workplace is desirable. 

pibility for Improving Materials Handling. Some com- 
pani«\&|jsrd the problems of materials handling as so important that 
they haYttSCreated a special position to devote continuous study to it. 
Such aa ^tocutive is called superintendent of materials handling, ma- 
terials-control supervisor, or engineer for plant layout. A more com- 
mon arrangement, however, makes this work one of the duties of the 
industrial engineer or the plant engineer. Executives in both of these 
- positions perform staff duties. Suggestions for improvement in ma- 
terials handling may also be made by the plant superintendent or the 
foreman. If the company has a suggestions system, additional sugges- 
tfcfosmay be made by employees. The money for i m pr ove m ents in ma- 
forials handling would be provided by a capital budget, which re- 
gimes the approval of the president and the board of directors. Some 
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companies that recognize the need for more efficient methods of ma- 
terials handling are unable to make the needed improvements because 
the building is multistory, has floors that will not support heavier loads, 
columns that would interfere with conveyor equipment, obsolete ele- 
vators, or other serious limitations. 

THE REPLACEMENT OF EQUIPMENT 

Equipment must ultimately be scrapped because of obsolescence I or 
decreased operating efficiency. Obsolescence means that the equipment 
ceases to be economical in operation because more efficient machines or 
processes have been developed to perform the same or similar work. 
Decreased operating efficiency is reflected in lower output per hour, k 
larger amount of time when the machine is out of use for overhauling 
or repairs, and the increased cost of labor and parts for repairs. Ulti- 
mately, machinery will have to be junked regardless of the regularity 
and the thoroughness of the repairs and maintenance. 

The decision to replace a machine depends upon a number of factors 
which must be balanced one against another, such as the probable! 
volume of production requiring the use of the machine, possible alter- 
native uses of the machine, the number of years the present machine 
might be kept in use with proper maintenance, and the possibility of 
the development of more efficient machines in the future, which would 
make the new machine obsolete. If certain assumptions are made for 
the factors involved, definite computations can be made by estimating 
operating cost per year or per unit of product with a new machine in 
comparison with the machine now in operation . 4 
1 The total amount of money that may be expended for machine re- 
placement in any one year may be determined in one of two ways. One 
method provides for the expenditure of an amount of money equal to 
the annual depreciation charge for machinery and equipment. This 
amount may be expended each year, and the figure may not be ex- 
ceeded. The second method provides for the replacement of % machine 
and tire purchase of a new one at any time when savings in cost can 
be expected by doing so. This plan places no limit on the total amount, 
and it does not provide any fixed sum. In this case, machine replace- 
ment may be planned through a plant and equipment budget. 

Continuous Replacement. The funds provided each year by profits 
or other income may be retained in the business by an amount equal 

‘Philip A. Scheuble, Jr., “Hoe to Figure Equipment Replacement,” Harvard Business 
Review, Vol. XXXIII, No. 5 (1953), pp. 81-94. 
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to the annual depreciation charge, and this amount may be used for 
replacement of equipment. 8 For example, if the equipment is esti- 
mated to have an average life' of ten years, the annual depreciation 
charge would be 10 per cent. When an entry is made in the accounts 
charging depreciation of machinery, the effect is not only to decrease the 
profits by the amount of the entry but also to retain cash in the busi- 
ness by the same amount, provided that the business is not operating 
at a loss. The entry for the depreciation charge does not bring cash 
into the business, but it does reduce the amount available for divi- 
dends or required for the payment of income taxes. In the absence of 
a definite policy of machine replacements, the amount of cash retained 
in the business may be used for any purpose, such as the payment of 
liabilities or an increase in current assets. By action of the man- 
agement, the funds withheld may be used to replace any equipment 
that has become so inefficient that it should no longer be kept in 
operation. 

Continuous replacement requires the co-operation of the plant super- 
intendent, the foremen, and the plant engineer. Equipment that is 
known to be inefficient is listed by the shop superintendent and is then 
investigated by the management. Comparison is made with new equip- 
ment available, and replacements are made where the operating econ- 
omies appear to be most promising. The total amount spent for new 
equipment in one year is limited by the amount of the funds pro- 
vided by the depreciation charge. 

: The advantage of the plan of continuous replacement is that it usu- 
ally results in the scrapping of machines at the end of their useful life. 
No attempt is made to keep machines in operation indefinitely after 
theiruseful life is passed. It is also argued that any other plan causes 
the funds provided by the depreciation charge to be invested elsewhere, 
even though the purchase of equipment would be more profitable. 
Continuous replacement also equips the shop with machines that em- 
body the latest principles of machine design and construction. 

Effect of Rising Prices. A new machine may cost more than the one 
replaced because the price level has increased since the original ma- 
chine was purchased and because designs have been improved. The 
depredation charge may therefore not provide sufficient funds for re- 
placement and the total investment in machinery and equipment must 
be increased if the efficiency of the plant equipment is to be kept up. 
The usual provision for investment in equipment consists of a capital 

f * lewis H. Kimmel, Depreciation Policy and Postwar Expansion (Washington, D.C.: 
Brookings Institution, 1946), p. 9. 
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budget and of additional funds by the reinvestment of a part of the 
profits, by borrowing, or by the sale of additional capital stock. 

Another possibility is the charging of depreciation as a percentage 
of replacement cost. This plan has the effect of increasing the cost of 
goods manufactured. The higher cost of the product may decrease the 
net profit, or it may result in higher selling prices for the product pro- 
vided market conditions will permit. However, the effect of higher cost 
upon selling prices is uncertain because the selling prices are affected 
by many factors other than cost. > '• | 

The Treasury Department will not permit depreciation to be com- 
puted on replacement cost for tax purposes. This requirement presents 
no difficulties, however, because depreciation can be recomputed oto 
cost for income tax purposes. If a company is subject to the require- 
ments of the Securities and Exchange Commission, its financial state- 
ments issued for the information of investors are required to show a 
figure for depreciation based on original cost. 

Estimating Savings from Replacement. A second policy in the 
replacement of machines provides for their purchase only when the 
savings will pay for their cost within a few years. A new machine may 
operate more efficiently because of savings in labor, power, repairs, 
supplies, and space costs and because of greater output. However, the 
new machine may result in higher costs in some respects, such as de- 
preciation, taxes and insurance. To determine whether the purchase 
of a new machine to replace an old one is profitable, the total cost <^j| 
operating each machine may be computed and the difference in cqgH 
determined. jngg| 

The method of estimating the savings from the installati oseS raT 
new machine raises many theoretical questions. Formulas ha BjilBi in 
developed by different companies for estimating the saviaSlpnom 
scrapping an old machine to buy a new one, and some of thenjaBCfe quite 
complicated. To illustrate the difficulty, assume that a conqgjji 0j has a 
semiautomatic machine which it acquired five years ago at'.a cost of 
$30,000. Its capacity is 28,000 units per year. An automatg^machine 
is now available at a cost of $40,000, but its capacity is said Jp be-40,-- 
000 units per year. The new machine will have lower costs for labor, 
maintenance and repairs, and power; but it will require greater costs for : 
floor space, taxes, and insurance. 

The costs of operation with the new machine in comparison with 
the old one should be figured on the present value of the two machines. 
The difference between the original cost of the old machine and IIS ; 
present value should have been charged to cost of the product or fia : 
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expense during the years when it was in use. If it has not been de- 
preciated properly on the books to reduce book value to trade-in value, 
the difference is regarded as a sunk cost, which cannot be recovered 
either by scrapping it or by continuing to use it. 

The comparison of the total cost per year and the cost per unit of 
product with the old machine and also with the new one is shown in 
Table 1. In this computation, the old machine is assumed to have a scrap 

TABLE 1 

Comparison of Cost of Old Machine and New Machine 



Old Machine 

O Years Old) New 

Machine 

First cost 

$30,000 

$40,000 

Annual operating costs: 

Labor 

$5,000 

$1,000 

Maintenance and repairs 

300 

200 

Power 

1,800 

1,500 

Depreciation 

600 

4,000 

Interest, 5 per cent 

150 

2,000 

Floor-space cost 


600 

Taxes and insurance 

2,000 

4,000 

Total cost per year 

$10,250 

$13,300 

Number of units produced 

28,000 

40,000 

Cost per unit 

$0.3661 

*0.3325 


i 



or trade-in value of $3,000, and depreciation is computed at 20 
>t of that amount since the remaining life is five years. Interest is 
,t 5 per cent. This table shows the costs for the first year only 


|t will vary slightly in later years as a result of the decreasing 
invej£S£$gt in the machine. Offsetting this decrease in unit or annual 
costs- mtgjjht be an anticipated increase in maintenance and repairs as 
die machine nears the end of its useful life. 

■* t A ^ ii 

This computation indicates a slightly lower cost per unit with the 
. new machine. However, a decision to purchase it should not be made 
until sotne other factors have been considered. The new machine has a 
capacity of 40,000 units, whereas the old machine has a capacity of 
only 28,000. If the old machine is adequate to take care of existing de- 
mand, the purchase of the new machine might result only in unused 
Capacity. On the other hand, if the old machine is inadequate, the new 
fhachkie might lower costs on other machines by permitting them to 
' operate at nearer capacity. A further consideration is whether changes 
“&}the design of the product are contemplated. A change in design 
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might make the new machine obsolete before its cost could be re- 
covered in production. These uncertainties suggest that formulas can- 
not be used as infallible guides to policy in such matters but that the 
final decision will depend upon the judgment of management. 

Lease or Buy. Much machinery and equipment can be purchased or 
it can be leased for a period of years. Some companies make no lease 
contracts, while others find them advantageous in certain cases. Lease 
arrangements may be feasible if management wishes to modernize p. 
department or a process without tying up its capital for the life of this 
equipment or without assuming long-term obligations for loans ob 
mortgages. In some cases, equipment may be needed for only a short\ 
time, and a rental arrangement may permit the manufacturer to use' 
a machine for the limited period of time. If the manufacturer of the 
machine contemplates technological improvements, the lease arrange- 
ment reduces the risks due to obsolescence. A plant manager may resort 
to the lease arrangement if the president and the board of directors 
decline to include in the budget the money for plant expansion but are 
willing to permit a temporary increase in current expenses for rental 
payments. 

The lease arrangements may prove to be a costly way to obtain 
equipment because the lessor must charge a sufficiently high rental to 
enable it to recover the cost of the equipment during its useful life, pay 
its own financing and operating costs, and provide a net profit. The 
rental charge may also be high enough to cover the risk of obsolescence;. 
For this reason, many companies prefer to buy machines rather than 
to lease them. • - / ' • 

The lease arrangement may have a tax advantage. The entire rental 
payment is deductible for tax purposes, unless the contract includes 
certain provisions that make it in fact a purchase, such as an option to 
buy and the application of the rental payments toward the purchase 
price. Under the present tax provisions which permit the cost of the 
equipment to be depreciated rapidly, the lease arrangement does not 
necessarily result in lower taxes. The tax advantages require "careful 
study in each case. 

' Most of the calculations described in this chapter assume that the 
dollar has a stable purchasing power. The conclusion might be different 
if the possibility of inflation is taken into consideration. During periods 
of inflation, the ownership of assets that increase in value becomes an 
^advantage, and the owing of debts on which payments of interest 
and principal are made in dollars of decreasing purchasing power also 
give ff»e debtor die advantage. To make the payments, however, the 
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owner of the machine would be required to produce and sell manu- 
factured goods at prices which reflect the decreased value of the dollar. 
The prospect of continuing or "creeping inflation” would usually be 
a factor in the decision to replace or keep a machine. 

Responsibility for Selection of Equipment. Because the ability of 
the company to produce at a low cost and to maintain its competitive 
position depends in part upon the selection of equipment, the decision 
to buy or to replace is usually made only after consultation with many 
persons. Although the purchase or replacement of machines is prin- 
cipally an engineering problem, it also concerns the treasurer and the 
budget committee. The purchasing agent may know much about 
market conditions as they affect the cost of new or used machines. 
Other persons who might be consulted about a new machine include 
the methods and time-study engineer, the accident prevention man- 
ager, the manager of product design, and the production planning 
engineer. 


LABOR AND MACHINE PRODUCTION 

When the introduction of a new machine results in net economies 
in production costs, the usual reason is that labor costs are decreased. 
To the worker, the increased use of machinery may mean temporary 
unemployment. Older workers may suffer a permanent reduction in pay, 

• rank, and social status, since the machine may reduce the amount of 
skill required by the worker. A person who is over fifty years of age 
may not easily find another job. He may become permanently unem- 
ployed, or he may be required to work for much lower wages. In some 
cases, a worker may be compelled to move to a new community to find 
employment, and he may be able to effect such a transfer only at con- 
siderable cost to himself and his family. 

The cost of unemployment caused by new machines may be borne 
in several ways. The worker who is thrown out of work may be re- 
quired to find a new job for himself and to live as best he can until 
he does so. In this manner the cost is placed upon the worker and his 
family. Another possibility would be for the worker and his family to 
seek gratuities from local charitable organizations. In this way, the 
cost is shifted to the people who live in the neighborhood of the plant. 
The federal government might provide public works or make-work 
projects to support workers who would otherwise be unemployed. 
This plan shifts the cost to taxpayers. In various ways, the cost might 
bq borne by the employers individually or as a group. Each employer 
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might keep a displaced worker on the payroll until he finds work else- 
where. If all employers follow such a plan, they may be able to raise 
prices and to shift a part of the cost to the consumers of the product. 
The employers might jointly bear the cost through unemployment in- 
surance as provided by social security legislation. The government may 
bear a part of the cost through its payment of the expenses of the 
administration of the plan. The incidence of the cost in this case is 
uncertain. The cost may eventually be shared by consumers as a re- 
sult of higher prices, by workers as a result 6f lower wages, by stock- 
holders as a result of decreased profits, or by the general public throu| 
taxes or contributions to social agencies. 

The introduction of machinery is frequently regulated by contract be-', 
tween the company and the union. The contract may provide that the 
company will confer with union officers when a reduction in the work 
force is contemplated because of mechanization and that it will attempt 
to arrive at an equitable solution before any employee is dismissed. The 
company may agree to render notice to the union and to any affected 
employee six months in advance of the proposed changes. The com- 
pany may also agree that when a job is eliminated by mechanization, it 
will attempt to give the displaced employee an opportunity to learn 
new skills and to prepare himself for another job. To eliminate any 
possibility of discrimination, the company may agree that necessary 
dismiyals will be made in the reverse order of seniority. When the 
work force is later increased, any employee who was previously 
missed may be given preference provided that he is qualified to ia^H 
form the work of the new job. Severance pay, in addition to pa M j pMB 
specified by law, may be required by the contract. Because p njjlppP ip 
of this kind may be interpreted differently in individual cases,^p^®t-- 
tract frequently provides for the arbitration of disputes. Bo^^Sttties 
agree in advance to abide by the decision of the arbitrator. ..J&4 

QUESTIONS # 

1. Compare the personnel problems with manually operated machine s with 
personnel problems in a fully automated plant. 

2. How are employees affected when a plant becomes fully automated? 

3. What is the attitude of workers and unions toward the question of increase 
tag the number of semiautomatic machines supervised by one worker? 

4. Distin guish the fully automatic machine and automation. 

* 3. How ate costs affected by 'increased mechanization? , 

6. Were workers happier when each person made a complete product •wp|| 
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hand tools than workers in a present-day plant with its mechanization of pro- 
duction and the division of the work into numerous tasks requiring a relatively 
small amount of skill? * 

7. How does automation affect the organization of a plant? How does it 
affect overhead expenses and labor costs? 

8. Does automation increase or decrease the need for employee training? 
Compare with a plant that uses manually operated machines. 

9. How do special-purpose machines affect overhead expense and labor cost? 
Compare with general-purpose machines. 

10. It has been said that moving materials does not increase their value. Mov- 
ing them adds only to the cost. Show the application of this statement to the 
selection of materials-handling equipment. 

11. What economies may be achieved by the use of the pallet system in: ( a ) 
loading freight cars, ( b ) unloading, (c) stacking materials in the storeroom, 
and ( d ) issuing materials from the storeroom? 

12. What difficulties arise in estimating the savings from machine replace- 
ment? 


CASES 

18. NUMBER OF MACHINES SUPERVISED BY ONE WORKER 

One of the principal products of the United Bag and Paper Company was a 
heavy paper bag that was used for cement, sugar, plaster, insulating materials, 
and other heavy bulk products. The bags were imprinted with a label, the name 
j|f the manufacturer, and certain other descriptive material according to thespeci- 
Bgttions of the customer. When the machine had been set up for a run, the bags 
fiBptacked in a hopper or magazine, the machine was started, and the run was 
pHHMfted until the run was complete. While the machine was running, the 
■^Wp^Krnuld refill the hopper when necessary, attend to other machines, or do 

^3T$iS8Slce or custom, each experienced worker was expected to keep five ma- 
dithfjS^Gjperation. Since the company had nineteen such machines, three workers 
were aati^fed five machines each, and the least experienced worker was given 
four maddofcs. Workers were paid on an hourly wage plus a bonus of 25 cents 
per day for each machine tended. The plant superintendent questioned whether 
five was i fie most economical number; and he asked Mr. Carmichael, the time- 
study mail, to study the operation and to make a report of his recommendation. 
Mr. Carmichael, with the assistance of the foreman and a co-operative worker, 
first studied the amount of necessary downtime between operations. The down- 
time was used for changing setups from the old run to the new one, adjusting 
and oiling the machine, and making minor repairs when they were needed. The 
required for filling the hoppers was not included in the downtime because 
the operator could do this work at any time while the machine was running. The 
tisot iot filling hoppers was separately estimated at 1.1 per cent of worker time 
r; i fca:;«ach machine. Mr. Carmichael found that each machine was out of produc- 
, ?j3m 6.3 per cent of the total shift time. 
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In the next step of the study, Mr. Carmichael determined the additional down- 
time that was caused by the number of machines operated by one worker. Because 
the operator was required to walk from one machine to another, some of his time 
was spent unproductively ; and downtime might be increased if the worker had too 
many machines to keep going. The time spent in walking was estimated to be 
0.2 per cent for each machine tended, or 1.0 per cent for five machines. Another 
factor in downtime was multiple machine interference, which means that two or 
more machines might be out of production at the same time. The loss of time due 
to this factor was difficult to estimate because the percentage increases with the 
number of machines. This problem was solved by mjeans of a formula which Was 
developed by an assistant in the time-study department. By means of the formula, 
Mr. Carmichael estimated the loss of time due to multiple machine interference 
for varying numbers of machines from four to seventeen for each operator. B(Ie 
found that four machines per worker resulted in too much idle time for the worker 
and seventeen resulted in too much loss of time for machines. The optimuih 
number was somewhere in between these extremes. 

The next step was to estimate the total operation time of the worker who might 
tend various numbers of machines. For example, the study showed that when 
the worker tended five machines he was busy about 35 per cent of the time in 
getting the machines back into production, walking back and forth between the 
machines, filling hoppers, and getting materials. With proper allowance for 
fatigue, personal needs, and delays, the time was increased to 39 per cent. On the 
basis of this information, Mr. Carmichael estimated that the maximum number 
of machines that a worker could tend was twelve. If he were assigned thirteen 
machines, his time requirement would be over 100 per cent. He would be unable 
to keep all of the machines in operation, and downtime would necessarily result. 
He would be unable to keep thirteen machines in operation even if the factor of 
multiple machine interference were disregarded. 

The proper number of machines for one worker to tend was finally fixed at 
ten. To permit more effective planning of production, to make possible the neces? 
ary overhauls of machines, and to provide for some increase in production/, Mt. 
Carmichael recommended that one more machine of this type be purchased.. If 
each worker were assigned ten machines, worker dissatisfaction might be lessened. 
If one worker were to be assigned nine machines, and an attempt were made later 
to increase the number to ten, opposition would likely be encountered. The two 
workers displaced by the new arrangement could be transferred to some other de- 
partment, possibly to maintenance. The saving in wages would more than offset 
the increase in costs resulting from the purchase of the new machine. 

Another problem considered by Mr. Carmichael was the possibility of treating 
the entire group of machines as a single operation to be supervised by the two 
workers. Each worker would be expected to service any machine that happened 
to be out of production. This plan might reduce downtime because in some cases 
one worker might have two or three machines out of production, while the other 
worker might have no machines that required his attention. However, Mr. Car- 
michael decided against this arrangement because of its possible effect upon in- 
dividual initiative and responsibility. He thought it was better to make each 
worker responsible for a smaller number of machines and to evaluate his perform- 
ance by his ability to get a machine back into production in a short time.. He 
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recognized also that the final decision concerning work assignments would be 
made by the foreman and the operating executives. 

Required: 

Evaluate the methods and the recommendation of Mr. Carmichael. 

19. STAFF ASSISTANT FOR MATERIALS HANDLING 

The chief engineer of the Northeastern Electric Company, Mr. White, attended 
a round-table discussion conducted by a national society for the discussion of ma- 
terials handling. At the conference each person was asked to make a survey of 
methods of making a product of his company and to record the number of pro- 
duction operations in comparison with other operations, such as receiving, moving, 
counting, inspecting, storing, removing from storage, and other handling. Mr. 
White made such a survey for one product assembly and found that the assembly 
was made of five parts in 37 operations. The parts were handled a total of 208 
times and were placed in temporary storage 98 times. Mr. White was very much 
surprised and disturbed at the results of his survey, and he learned that the other 
members of the conference were equally surprised at the large number of times 
that parts were handled and moved in their companies. 

After his return from the conference, Mr. White discussed the question of ma- 
terials handling with the president, who was also much concerned. After further 
discussion, the president authorized Mr. White to create the position of staff as- 
sistant for materials handling for the purpose of making a thorough study of the 
handling methods and of making recommendations for improvements. The assist- 
ant would select the operations and activities to be improved. He would work 
with the plant superintendent and the foremen to find situations where methods 
eould be improved, study the possibilities in each case, rank the changes needed 
m the order of priority, and estimate the capital outlays required in making the 
Changes. He would establish and maintain favorable relations with all depart- 
ments, which were concerned with the problem, such as purchasing, traffic, plant 
engineering, inspection, and production planning and control. He would keep 
abreast df developments in new methods and equipment outside the company and 
seek to keep the methods of the company at the most economical level. 

An experienced engineer who was familiar with the products of the company 
and who seemed to possess tact, ingenuity, imagination, and much energy was 
selected for the new position. He first made some further surveys of conditions 
within the company. He compiled figures for the number of man-hours spent in 
manufacturing operations in comparison with the number of hours spent in han- 
dling, storing, and inspecting. He found that 26 per cent of the man-hours were 
spent in moving and handling and that the average part was handled 100 times. 
He also made studies of the time spent in processing materials as a percentage of 
the total time the materials were in the plant. For one part, the total time was 
230 hours and the time spent in processing it was 16 hours. These results were 
considered typical of the general experience. 

The results were submitted to Mr. White, and the problem was discussed with 
operating executives and various staff personnel. The proposed solutions included 
pallets and lift trucks, gravity and powered conveyors to transport the materials 
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tp die proper position for use by operators, the elimination of temporary storage 
wherever feasible, and die establishment of new control points for inspection. 
The design of the product was restudied to determine whether automatic machines 
might be substituted for manually operated machines. The cost of the machines 
required was estimated through conferences with the manufacturers of lift trucks, 
conveyors, and machines. The savings in each case were estimated by the assembly 
of data on man-hours, space costs, power, taxes, interest, and depreciation. Plans 
were made for the installation of the most profitable machines, and other im- 
provements were placed on a priority basis. 

To allay worker feats and suspicions, foremen wer-e kept informed of develop- 
ments, and they were asked to discuss the situation in their departments. Since 
man-hours would be reduced, some jobs would be eliminated. However, the 
growth of the company and the increased volume of production and sales would 
make possible the continued employment of all workers through transfer or 
promotion. \ 


Required: 

Evaluate the procedure and methods of the company. 



CHAPTER 


11 Layout 
of the 
Plant 


Layout is a problem that confronts the manager in any 
type of business activity. In any enterprise the management must de- 
cide what departments or workplaces are necessary or desirable, fix 
their location in relation to each other, determine the proper amount 
of space to be assigned to each, plan the boundaries of aisles and pas- 
sageways for transportation and communication, and provide for the 
ration of facilities for clerical work and the personal needs of 
|kers. These problems constitute the work of layout. 


PHYSICAL REQUIREMENTS 

Gezpfi) objectives are sought in plant layout. First, the materials 
Amoved short distances and doubling back should be avoided 
if possi&||v In some industries, the product may move progressively 
from one workplace to another. In some cases, however, a machine may 
be placed' out of line because of excessive vibration, fire or explosion 
. hazards, or other special requirements. 

; The method of transferring materials between workplaces should 
fit the type of material to be moved. As a general rule, manual han- 
dling of materials should be at a minimum, and the distance of mov- 
ifig should be as short as possible. These principles are based upon 
rfhfc.idea that the moving of materials adds only to the cost; it adds 
nothing to their value by changing their form. Although the con- 
^ : 4|^0us movement of materials between operations would decrease 
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the value of the inventory of work in process and thereby reduce costs, 
it may be desirable tQ arrange for small banks of materials at each 
workplace in order to avoid delays. 

The capacities of various departments should be balanced. The ideal 
arrangement would provide that when one department is working at 
capacity, all others would be working at capacity. Balance is not always 
possible because the capacities of workplaces vary and because some ma- 
chines must be provided for stand-by equipment in emergencies. Ca- 
pacity utilization can seldom be achieved because some machines (are 
occasionally out of production for repairs, change-over, or adjustment. 
In most industries, daily, seasonal, yearly, and cyclical variations in prlp- 



Courtesy of Monarch Machine Tool Go, 


FIG. 19. Workplace with Store of Materials 

A store of parts at various workplaces reduces lost time due to machine breakdown and 
other causes. 


duction cannot be entirely eliminated. Interruptions are caused by labor 
turnover and transfers and the necessity for training new workers. 

Equipment should make efficient use of the plant space, including 
overhead space. It should make supervision easy. It should reduce acci- 
dent hazards incident to the movement of materials, provide for suffi- 
cient aisle space, and make provision for the safe storing of materials 
where storage is necessary. Figure 19 shows a workplace designed with 
special reference to the varied requirements of materials and equipment. 
Mater ial s are stored in shelves and in circular rotary bins divided 
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into compartments. The storage space allows for adequate supplies of 
materials for one week’s work. 

Layout by Processes. In a factory organized by processes, all of 
the machines performing the same or similar operations are grouped 
together to constitute a department. Since most companies make more 
than one product, the operations would never be precisely the same for 
any two products; but several operations might be performed on similar 
machines. A plant that makes a variety of products on the same ma- 
chines would usually be organized by processes. If a company contracts 
with customers to make the product according to their specifications, its 
plant would usually be lai# out by processes. Such a plant is sometimes 
called a job shop, and the production is said to be diversified. Organi- 
zation by processes is sometimes referred to as organization by functions. 

The plan of layout by processes may be illustrated by the arrangement 
of machines used to manufacture a circle saw for cutting wood. The 
operations to make a saw might include the following steps: 

Withdraw materials from stock room Heat and shape, 

and send to first manufacturing de- Harden and temper, 

partment. Polish. 

Cut to size. Block and etch. 

Punch center hole. Sharpen and set. 

Punch teeth. Ship to customer. 

Round and clean teeth. 

If the company made only circular saws, the departments could be 
arranged with eleven departments, placed in the order in which the 
w$i$E |s done. However, the factory might make such other products as 
hacksaws, knives, printers’ steel rules, hand saws, and crosscut saws. The 
manufacture of each of these products would require some, but not all, 
of the operations required for circular saws. The total number of 
departments might therefore be from fifteen to twenty. In addition, a 
number of service departments would be necessary, such as purchasing, 
storage, engineering, manufacturing standards, accounting, general 
offices, and employee services. 

The layout of a candy factory by processes is illustrated in Figure 20. 
The processes include mixing, cooking, processing after cooking such as 
rolling and cutting, hand dipping for chocolates and bonbons, machine 
dipping, piece wrapping (for some pieces), and boxing. Separate de- 
partments are provided for nut sorting and processing, taffy wrapping, 
and, the making of nut clusters. Each batch of candy would be separately 
planned and routed through the appropriate departments. 
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FIG. 20. Layout of Candy Factory by Processes 


A layout by processes would not be feasible in all types of operations; 
but in industries that are suited to this arrangement, several advantages 
would be realized. Workers and supervisors become specialists in one 
type of work. The total investment in machines may be smaller 
some machines can be used in the manufacture of more than one 
product. It is easy to keep a group of similar machines in 
each machine can be shifted from the production of one 
other. Adjustments can more readily be made for variations in 
put of any one product, for the dropping of a product from 
line, or for the adding of a new product. 

Even in industries that can use a layout by processes, the arrangement 
may have several disadvantages. Usually the product wilf|^' ; .moved 
longer distances. Internal transportation increases the cost apjTadds to 
the noise and confusion within a department. The cost is especially large 
if the materials are bulky or heavy. Damage to materials is likdy to be. 
increased, particularly if the goods are fragile. Transportation by a con- 
veyor system of moving belts or other mechanical means is difficult be- 
cause of the degree of flexibility required. In this type of layout the 
product does not follow a fixed course from one department to another.. 
The product moves more slowly because of the distances to be trans- 
ported. The inventory of work -in process of manufacture is increased, 
because of delays incident to transportation. A large inventory of fin# 
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isbed goods must also be maintained because the dates for completion 
of work are not always dependable. Transfers from one department 
to another frequently require inspection, counting, weighing, and other 
paper work, which increases the cost. Much time is spent in each de- 
partment in the verification of incoming and outgoing batches of work 
in process. 

Layout by Products. In a factory that is laid out by products, a pro- 
duction line is established for each type of product. Each line is organ- 
ized in a manner that may be compared with the organization of a sepa- 
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FIG. 21. Production Line for Metal Containers 


rate pi®- All operations for the manufacture of one product are under 
the canteSrof a division chief or general foreman. Each production line 
may mak&Staore than one size or style of product, but the various prod- 
nets a*e|8$hioned on the same machines by adjusting the machine or by 
; using different machine tools. To provide balance for each line, more 
than one worker or one machine might be used in one operation. 

A layout by products is desirable if the number of products is not too 
jpeat and the processes differ materially. For example, a soap company 
imight make bar soap, granulated soap, shaving cream, and wave set in 
&e $ame plant. A container company might make metal cans, milk 
cartons, and cylindrical boxes in the same factory. Since the processes 
pilfer, a separate line would be required for each product A produc- 
ttei line for metal containers is shown in Figure 21. 
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Some plants produce a single line of products in a limited number of 
varieties, and in such a plant a layout by products may be desirable. For 
instance, a plant may make only frozen orange juice concentrate or re- 
fined sugar. Assembly lines for products made of many parts, such as 
automobiles, electric refrigerators, or computing machines, are laid out 
by products even though several varieties of the product must be made 
on the one line. Automobiles are made, on a single production line even 
though the product may be made in more than one color, body design, 
and combination of accessories. A layout designed for the manufacture 
of one product is shown in Figure 22. 



Courtesy of Victory Addint ffae'bine Co. 

FIG. 22. Production Line for Assembly of Adding Machines 


The layout by products obviates the disadvantages of the layout by 
processes. Usually the distances for the movement of the product are 
shorter. For this reason, the risk of damage to materials is reduced. A 
conveyor system is more likely to be feasible. Processing time is reduced. 
Paper work is lessened because the number of transfers from one de- 
partment to another is decreased. Fewer inspections may be required, 
and interdepartmental friction may be minimized. 

In some industries, a layout by products would have distinct disad- 
vantages. Foremen are required to have a familiarity with dissimilar 
processes, althouglfthey may become more familiar with the processes 
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necessary to the manufacture of the one product. They can no longer 
specialize by operations, although they may specialize in one or a few 
products. With a layout by products, the investment in machinery and 
equipment may be increased because balance is difficult. In other words, 
machines of varying capacity cannot be kept equally busy. Idle capacity 
means lost overhead as well as idle time for workers. Special require- 
ments of any machine or workplace for air conditioning, noise control, 
or light can be met only at increased cost. The line is less flexible. If a 
product is discontinued, it may be necessary to remove the entire line. 
If a product is added, a new production line may be necessary, unless the 
new product is sufficiently like a former product to permit production 
on the same line. 

Since each method of layout has its advantages as well as its disad- 
vantages, many plants utilize both methods. A large printing plant, for 
example, might have most of its departments arranged by processes, 
such as estimating, typesetting, engraving, proofreading, electrotyping, 
printing, and binding. In a line of printing that has a large and stable 
volume of work, machines and workers may be organized in a depart- 
ment to handle that work. The plant of a manufacturer of a machine 
or an appliance may be laid out by processes in that part of the building 
where parts and accessories are made, and it may be laid out by prod- 
ucts on an assembly line basis in another part of the building. 

Work Centers. A variation of the plan of layout by products is an 
■.arrangement that has been designated as the work center . 1 This arrange- 
makes special provision for the production of items that account 
ftk relatively small percentages of the total production. If such items are 
produced on the regular production and assembly lines, machine shut- 
down And adjustments for the change-overs are necessary with conse- 
quent delay and confusion. To reduce the frequency of such delays, 
production of the item might be continued on the main production line 
until die quantity on hand is sufficient to meet the sales requirements for 
a year. While this method reduces the manufacturing costs, it increases 
other costs that result from a slow turnover of inventory. The solution 
to this problem is the layout by work centers where an item needed in 
small quantities can be produced on a continuing basis. A few workers 
are assigned to each work center to work solely on the production of the 
one item. The work cycle of each person at a work center is longer than 
if is on the regular production line. Some advantages and possibly some 
. disadvantages result from this arrangement, but an important advantage 

1 "Work Centers Put These Workers into Business,*' Factory Management and Main - 
****te, Vol. CXIII, No. 7 (1955), pp. 124-25. 
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is decreased monotony of the work. Where the plan of the work center 
is adopted, die rest of the plant might be laid out by either processes or 
products. 

Changing the Basis of the Layout. In a small plant that makes a 
variety of products, a layout by processes may be necessary because the 
volume of one product is not large enough to employ the capacity of 
the machines that would be required for a separate production line. As 
the volume of production increases, new machines may be purchased 
and installed, additional service facilities may be added, additions may 
be made to the building, or a larger building may be acquired. If me 
volume of production of any one product is increased sufficiently, tpe 
management may find that a change to a layout by products is feasible 
for one or more products. For example, a plant that formerly made both 
toilet soap and laundry soap on the same machines may find that sepa- 
rate machines and equipment for each product would reduce costs. A 
plant that formerly made a variety of glass jars on each line might be 
able to establish a separate line for some sizes or types of jar. Other 
illustrations could be found in a candy factory, a bakery, or a paper box , 
factory. 

The most important consideration in the change of the layout would 
probably be the extent to which machine capacity could be utilized. In a 
plant that is laid out by processes, machines are idle a part of the time 
because of the necessity for changing machine tools or resetting thgJ 
machine. Machine time is also lost because of a lack of balance betwedl 
machine capacity and immediate needs. Production may not be agj|pj!|j} 
ately scheduled for the various machines. Man-hours are spentjjj^fei 
ferring work in process from one workplace to another and i n-flpMj p:' 
materials into the proper place for each operation. 

When the change is made to a layout by processes, machin&tttiliza- 
tion may be increased provided the volume of production is sufficient to 
keep the machines fully occupied. However, in such a layoufcjnachine 
utilization may vary from 0 to 100 per cent. Some idle machine time 
may result from the differences in machine capacity. For example, a 
production line might require one machine of a kind, six machines of. 
another kind, and four machines of still another type. Since fractions 
of a machine cannot be installed, some idle time is unavoidable. 3 The 
engineer must determine the most effective arrangement in each case. 
The extent of machine utilization and the cost per unit will be changed- 
as the demand for the product and the rate of output increase or 
deerpase. € Yr~; 

* Sbnald D. Deming, "When to Shift to Straight-Line Production,” Harvard BnMSS^ 
RMaw, Vol. XXXVII, No. 6 (1959), pp. 62-68. 
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A company may find that a building that has been used for many 
years has become obsolete because of the need for a revision of layout 
resulting from developments in machine design and materials handling. 
To support the greater weight of new machines, special foundations may 
be necessary. The floors may not be able to carry the weight of new 
and more economical types of materials-handling equipment. If door- 
ways are too small to permit the transportation of a new machine into 
the plant, the company may be required to choose between the pur- 
chase of smaller and less economical machines and the temporary re- 
moval of a wall. The company may continue to use a building that does 
not permit an economical layout because moving expenses would be 
excessive. 

Relation of Layout to Other Problems. The layout should be 
planned after a study has been made of the requirements of the individ- 
ual plant. A layout plan cannot be adopted by one plant merely because 
another has found it to be feasible and economical. The number of 
stories in the building will determine the type of materials-handling 
equipment which can be used. Gravity chutes from one floor to another 
may be possible. The height of the ceiling affects the plans for over- 
head cranes, the use of lift trucks, and the installation of offices or em- 
ployee facilities on the mezzanine floors. Other features of the building 
that should be considered are possible floor loads, the types of floor 
^covering, the presence of a basement for dead storage, the relation of 
l building to railway sidings and highways, the location of entrances 
icits, the number and spacing of columns, and the total amount of 
^^^ ^v ailable in relation to the facilities to be housed. As previously 
the building should not be leased or constructed without 
possible layouts. 

„ 'Sj^^put may be designed for the manufacture of a few products 
Ota f^jc'fpumber. If only a few products are manufactured, layout by 
processes may be preferred. The number and nature of the products 
also aff^|jie types of materials-handling equipment, which in turn af- 
fect the layout. For example, lift trucks require wide aisles, particularly 
for turning, and pallets may require storage space at the workplace. 
Maximum floor loads should also be considered because the floors may 
not support a lift truck and a load of heavy materials. If conveyors are 
Used, the workplaces may be grouped about the conveyor. When ma- 
; terials and parts are pushed by hand or carried from one workplace to 
irfno^her, workplaces may be close together, and aisles need not be so 
* Overhead conveyors may reduce the need for wide aisles since 
r-^SW^Tials may be lifted above the floor level for moving. Similar con- 
federations apply to other methods of handling materials. 



222 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


Layout is affected by the nature of the manufacturing processes. In 
continuous-process industries the material is carried through a series of 
operations. In intermittent-process industries, several parts are fabri- 
cated and then assembled. The first assemblies, called "subassemblies,” 
may be combined with other subassemblies for the final assembly of the 
finished product. 

Continuous-process industries are classified as analytical and syn- 
thetic. Analytical processes separate and refine the raw material to make 
two or more finished products. Examples are meat packing, gasj and 
coke, flour milling, oil refining, lumbering, and branches of the chem- 
ical industries. The layout of such a plant may spread out like a Van 
from the point where the raw material is started in process. Each\rib 
of the fan represents the progressive processing of a material which 
has been separated from the original material. 

Synthetic industries combine and process two or more raw materials 
to make a finished product. Examples are rayon, paper, cement, bread, 
medicines, and soft drinks. A plant that makes a product by a series of 
synthetic processes may be laid out like a fan with the ribs converging 
upon a main line, where the final product emerges. However, the sepa- 
rate materials may be combined early in the process, as in bread making, 
and one combined material may then be processed at a series of work- 
places arranged progressively. 

A plant that makes a product by the assembly of a number of parts, 
subassemblies, and accessories may also be laid out like a fan. The. 
product may move along a conveyor in the center and the parts and 
subassemblies may be moved up to the main line by means of feeder 
conveyors. The automobile is assembled in this manner. If the product 
is light in weight, however, the parts may be made in any part of the 
plant and moved to the assembly line on hand trucks or other con- 
veyors. Examples are shoes, men’s suits, and adding machines. 

The type of material used also affects the layout. The material may 
be heavy or light in weight, fluid or solid, wet or dry, bulky or small, 
hot or cold, fragile or sturdy. If the material is heavy or bulky, it may 
be easier to take the machine to the work instead of taking the work 
to the machine. Examples may be found in various branches of the 
construction industry and also in the manufacture of locomotives, street- 
cars, and electrical installations. The problem of what to move is 
illustrated by the early experience in the automobile industry. Hie 
initial plan was to assemble a complete car in one place by bringing 
all jjarts to that place. The, second step was for workers to specialize in 
a limited number of operations and to move from one car to another 
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to perform their operations. The third plan was for the workmen to 
remain in one area but to push the chassis along from one workplace 
to another. The next development was to put wooden spacers between 
the chassis and to push the entire line by means of a power drive at 
the beginning of the line. The industry finally developed the plan of 
a continuously moving line for the complete assembly. 

If the management anticipates a change in product design next 
year, it might not want to incur the expense of changing the layout 
to lower the cost of making the product as now designed. The de- 
cision would be made by balancing the following factors: the volume 
of production anticipated during the year before product design is 
changed, the cost of revising the layout, the operating losses incident 
to the interruption of production while the change is being made, and 
the possible change in product design which might be made later. If 
the revision of the layout can be made during vacation periods or over 
week ends, the operating losses can be reduced. Any changes in lay- 
out should be co-ordinated with the work of the production scheduling 
department and the product design department to minimize the costs 
of revision. 

Production Planning. The work of planning for production and 
scheduling the work will vary with the layout. If an assembly plant is 
laid out by products, the planning is simplified because the materials 
and parts are moved to the beginning of the line and the schedules are 
released to the first workplace. Other parts are delivered to the line as 
•.'Use units in production are moved along by conveyors or other method 
<&; handling. If the plant is laid out by processes, more detailed meth- 
ods 6f planning and control are necessary. The work for each machine 
must be planned and scheduled. Reports of the progress of the work 
are necessary, and corrective measures may be necessary when work 
falls behind schedule. 


MAKING THE LAYOUT 

Planning the layout is usually a part of the work of the plant engi- 
neer. In some companies, the layout comes under periodical review 
because of changes in product design, the addition of new products to 
the line, the expansion of facilities to meet increased demand, the pur- 
chase of new machinery, and other such developments. In other com- 
panies, the layout is revised less frequently. 

' Information Required. When any person is asked to plan a layout, 
his first consideration pertains to the products to be made, the quantities 
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planned for immediate production, and possible expansion. Each prod- 
uct is analyzed from the manufacturing standpoint to determine the 
parts, subassemblies, and accessories of which it is made. The engineer 
would also know which materials and parts will be manufactured and 
which will be purchased. Machines or production lines will be provided 
for the parts to be manufactured. 

If the product is made by the manufacture of parts and their later 
assembly, the engineer would make provision for the 
each part and for assembly. If the part is m'ade by carrying a 
through a series of processes, such as bread, concentrated orange 
or soap, a different type of layout would be planned. 

The Process Chart. In planning for any product, the 
would write out the series of operations or processes necessary to pro- 
duction. In an assembly industry, he would list separately the steps 
necessary to make each part and a separate list of the operations neces- 
sary to assembly. In a process industry, he would prepare a statement 
of the processes through which the material is passed. A diagram or 
chart that indicates all of the steps necessary to the manufacture of a 
part of a product is called a “flow process chart,” or merely a process 
chart. Frank B. Gilbreth, who originated the process chart, classified 
all activities in production into five types and assigned a symbol to 
each type. The activities and the symbols used to designate them are 
as follows: 



Symbol Activity 


Description 


O 


Operation 


Any work on the material, such as dri] 
cut threads, or assemble parts. 



o 


v 

□ 


Transportation 


Temporary Storage 


Permanent Storage 


Inspection 


Move by truck, conveyors, 
power. 

Place the material in a position l^^ie moved, 
inspected, or processed. 

Place the material or part in the storeroom. 
When material is permanently stored, it 
can be withdrawn only by requisition. 

Examine or test for workmanship or quality. 



A part of a process chart prepared for the flow of material in a f ac* 
tory is shown in Figure 23. The chart shows the number of feet the 
material is to be moved from one workplace to another. vjj 
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PROCESS CHART 

Oppratinn Extruded Cots -Cot Finishing 
Subject Analysis of Flow of .Extruded Cots 


PROCESS DESCRIPTION 


Rod Storage - 3rd Floor - Bldg. No. 8 


To Carton 5 Rods per Move 


On Flow along Side Racks in Carton 150 per Carton 


To Cot Cutoff 


To Bench 


On Bench 


Cut to Length 36 per Rod 


Under Table in Shaker 1,200 to 1,500 per Shaker 


To Storage in Aisle 


In Aisle 


To Finishing Machine- Change Hopper 


Finish OD 


At Finishing Machine 


To Beveling Machine 


Courtesy of Armstrong Cotk Co. 

FIG. 23. Process Chart Showing Steps in Manufacture of a Product 


ter the process chart has been prepared, it should be determined 
;r any changes can be made that will shorten the time required 
facturing or otherwise lower the cost. Special attention should 
ed to transportation and storage, since these activities do not 
«4<r#3fee value of the product. Value is added by manufacturing 


openttaSSjij and other activities should be incidental. In some cases the 
manufiautering operations can be improved. The following questions 
should asked at each step: 


Is the Operation necessary to production? 

Can one operation be combined with another? A finishing operation might be 
: completed while the material is being moved. Inspection might be made while 
;/ ao operation is being performed, or inspection and packing for shipment may be 
ioombined. 

jQan the procedure be simplified by changing the sequence of the operations? 

Can an operation be simplified? Simplifying an operation might mean, for 
example, rearranging the workplace to improve lighting, to eliminate lifting or 
puttying, or to reduce the hand or arm motions that are made in doing work. 
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Planning for Equipment. The next step is to determine what ma- 
chines will be necessary. Since the output of different mach ines will 
vary, it will be necessary to determine how many machines of each 
type will be required to produce the product in the volume called for 
by the production budget. The number of machines necessary would 
be determined as follows: 

1. Multiply the number of units of finished product to be manufactured in, any 
period of four weeks by the number of parts of a kind in each product. 

2. Multiply the number of plant hours in four weeks by a use factor, sat 80 
per cent, which is the percentage of time a machine may be in actual production, 
to determine the estimated number of hours the machine will operate. . 

3. Multiply the number of hours by the output per hour to compute the out- 
put for the period of four weeks. 1 

4. Divide the required production for four weeks by the output for one ma- 
chine for that same period to determine the number of machines required. If 
the result in each such computation is approximately a round number with no 
fractional machines required, the layout can be balanced. 

Several other factors may be considered in determining the number 
of machines required. Allowance may be made for parts that do not 
pass inspection and must be reworked or scrapped. The use factor may 
be improved by a reduction of the time for setting up the machine and 
for maintenance work. The available hours of work may be increased 
by overtime during busy seasons. If a machine is manually operated 
or is semiautomatic, the output may be increased by better training or 
motivation of the worker. Where the line is unbalanced because of 
varying capacities of machines, provision may be made for extra ma- 
chines of certain types. However, if the machines are expensive, a 
minimum number of machines may be provided and the additional 
production requirements at peak seasons may be met by overtime or 
extra shifts. 

After the number of machines of each type has been determined, the 
space required for each machine is computed. Space may be needed for 
materials waiting to be processed and for parts waiting to be moved. 
Additional space may be required for repairs and for the worker. In 
locating machines or other workplaces, it might be best to start with the 
shipping room and work backward to the raw materials storeroom. 
In a continuous-process industry, it would be equally advantageous to 
begin with the raw materials storeroom and arrange the workplaces 
in order from that point forward. If a conveyor system is installed, the 
machines and workplaces would be grouped about the conveyor. 
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Special Requirements of Machines. Some machines may require 
location in isolated areas or in parts of the building that can be air 
conditioned. For example, noisy equipment such as speed hammers 
may be located in enclosed areas to reduce the noise in areas where 
many workers are employed. Some machines may require an exhaust 
to the outside of the building. Examples are grinders, sanders, and saws. 
Exhausts may be required for equipment that gives off harmful fumes, 
such as painting and plating equipment. Special ventilation may be 
necessary for large equipment that generates an excessive amount of 
heat. Shock machinery such as drop hammers should not be located 
near machine shop equipment where close tolerances are required in 
the production of parts. Instrument rooms and paint shops should be 
air conditioned to control temperatures and to eliminate dust. These 
special requirements of some machines and equipment may indicate a 
location where the processing cannot continue in a regular sequence, 
and some doubling back of materials may be necessary. 

Service Departments. The next step is to locate the service depart- 
ments. Such departments include tool cribs, storerooms, fire equip- 
ment, inspection areas, drinking fountains, telephones, soft drink 
dispensing units, offices for foremen and staff personnel, reading 
room, toilets, washrooms and lockers, cafeteria, recreation hall, the 
dispensary and first-aid room, and other nonmanufacturing depart- 
ments. These departments would be located near the workers and 
preferably where the light is not suitable for other work. Frequently, 
50 me of them may be located in a mezzanine floor which would be 
a»ched by an open stairway. The power plant is usually in a separate 
building. The amount of space to be allotted to all service depart- 
ments is usually estimated to be about one third of that of all manu- 
facturing departments. If too much space is devoted to them, excess 
capacity is created which is seldom or never used. If the facilities are 
inadequate, workers are required to spend too much time waiting; or 
they lose time because of crowding. If the facilities are either too 
large or too small, the layout is lacking in balance. 

Review of Space Allocation. By the time the plan for the layout 
is completed, the engineer may find that space is not available for some 
workplaces or service facilities. He then reviews the allocation of space 
to find places where savings may be made. Space for some work areas 
or service departments may be reduced. More careful planning of the 
flow of work may reduce the amount of work in process and the space 
required for it. The storeroom space for the materials inventory may 
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be reduced by careful planning of purchases for stock. Work standards 
may be reconsidered to determine whether the output of each work- 
place and each machine has been correctly stated. Materials that will 
not be damaged by weather may be stored in the yard with a saving of 
plant space. The flow process chart may be reviewed to determine 
whether any step can be eliminated or some work may be assigned 
to other companies under contract. A mezzanine floor may be added 
if ceiling heights and floor loads permit. The plan for a mezzanine 
requires attention to safety regulations arid 'fire hazards. If all avail- 
able space is utilized, room for expansion may be lacking and Man- 
agement may begin to plan for an addition to the plant. \ 

Choosing the Best Layout. Usually the best layout is a compromise 
because no one arrangement will combine all of the advantages of the 
different methods. For this reason, the layout engineer may have some 
difficulty in deciding among the various alternatives. If information is 
available, he might figure the cost of operation or the unit cost of the 
product by different methods of layout. The cost data would include 
installation costs, the costs of tools, handling equipment, and fixtures, 
labor and material costs, and miscellaneous expenses such as floor 
space, power, and insurance. Another way of comparing different lay- 
outs consists of a listing of the advantages and disadvantages of each 
proposed arrangement. Usually this method brings to light sufficient 
considerations to make possible a decision. A third method consists of 
a listing of the important factors, such as materials-handling cost 
floor space required, and then assigning to each possible arrange 
a ranking number for each factor. For example, one arrangement 4 
rank first in regard to material handling, second on amount 
space required, and third on worker satisfaction. When this : 
used, the final decision is reached by considering the rankings 
method on the total number of factors. As a further refineMtit/thfe 
various factors could be assigned weights, and each method;'^ layout 
could be given point values on the basis of the weights. However, the 
final decision will depend upon the judgment of the layou&engineer 
rather than the mechanics of any procedure. 8 

Completing the Plan. After a plan has been adopted, a diagram 
of the proposed layout is prepared. Usually it shows various details, 
such as elevator shafts, stair wells, doors, windows, and other features. . 
The machines are drawn to scale. The purpose of this procedure is to , 
make sure that all persons who check the layout visualize the prO- j 

'"How to Evaluate Alternative' Layouts,” Factory Management and Maintenance, Vofc ! 
CXIII, No. 2 (1935), pp. 126-29. 
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posed arrangement in the same manner. Unless such a diagram is 
made, some workplace may be overlooked in the original plan and 
the moving and rearranging of equipment may be necessary. 

Models of the proposed layout are often prepared. A model of the 
plant itself is first prepared on a scale which is carefully followed. In 
the usual scale, one-quarter inch equals one foot. If the building is 
multistory, the model is so constructed that the upper floors can be re- 
moved without disturbing the arrangement of the lower floors. In some 



'• FIG. 24. A Three-Dimensional Model of Plant layout 

' ' *■ * 
y ■ J * 

case£ T&& models may be cutouts in two dimensions. Such models are 
called- ’^nplates.” Three-dimensional models are usually preferred. A 
completed model of building and machines is very similar to a com- 
pletely furnished doll house. Persons who are not accustomed to the 
reading of diagrams can easily understand the layout by an inspection 
of a model of the factory and its equipment. A model of this kind is 
shown in Figure 24 

- Frequently, numerous refinements are introduced into the prepara- 
tiOQof the models. Plastic floor sections may be prepared with one-inch 
‘Squares etched into the floors. The scale on which the plan has been 
-ij^awn is apparent from the etching without the necessity for making 
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measurements. The etched lines will also show in a photograph of the 
model. Another refinement is the use of colors. Machine tools may be 
salmon color; stationary equipment, green; conveyors, yellow; and 
storage bins, red. 

All persons who will be concerned with the new plant or who may 
offer constructive criticisms should be invited to inspect the layout as 
planned. The group would include foremen and shop supervisors, time- 
study men, the safety director, maintenance foremen, and any engi- 
neers who had not previously participated fti the making of the pan. 
As previously explained, the production scheduling and the proauct 
design departments should be kept informed and also invited to m^ke 
suggestions. Changes are easily made at this stage, and suggestions 
should be encouraged. 

The next step is to make drawings and photographs of the new plan. 
The layout has now been perfected, and authorization to make the in- 
stallations should be sought. 

The new layout cannot be installed until top management has been 
convinced that it is practical and economical, that the change will not 
interfere seriously with filling current sales orders, and that the re- 
quired capital outlay is not excessive. In presenting the plan to top 
management, therefore, the executives who are responsible for the 
designing should include data covering the following features: 

The time required to make the new installations. 

The cost of the change. 

The time required for processing the product under the present and the 
new plan. 

The value of the inventories of work in process and finished goods under die 
present and the new plan. 

The monthly operating cost, including labor, depreciation, taxes, insurance, 
and all other expenses under the present and the proposed layout. 

The cost per unit of product under the present and proposed layout. 

The time required for the savings to equal the cost of the new installations. 

A favorable attitude of foremen and workers should be developed. 
Foremen should be encouraged to study and criticize the plan while 
it is still in the formative stage, and any practical suggestions should 
be incorporated into the final layout. Their suggestions will probably 
result in operating economies, and their attitude toward the project 
is likely to be favorable if they have had a part in it. The foremen's 
attitude may also determine whether worker opinion is favorable or 
unfavorable. 
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The worker should be informed of the proposed changes by the 
management. He should not be permitted to get this information 
through the rumor factory or the grapevine. As soon as rumors begin 
to spread, the worker fears the worst. As economy is the purpose of the 
change, each worker may think that his job is one of those to be dis- 
pensed with or that his job is to be simplified and that his pay may 
be reduced. Fear and suspicion should be dispelled by a free discussion 
of the proposed change and its effects. The worker may receive his 
information from the foreman, through the public-address system, 
through bulletin board announcements, and in other ways. 


QUESTIONS 

1. Contrast methods of layout in a synthetic industry such as bread making 
with an analytic industry such as meat packing. 

2. How is layout affected by the type of building construction? 

3. How is a layout affected by the type of materials-handling equipment ? 

4. Contrast the problem of layout for a plant that makes the parts for final 
assembly with layout in a plant that docs only the assembly. 

5. A company that has made a variety of products in limited quantities finds 
that the volume of production of one product has increased to the point where a 
separate production line might be feasible. What factors would be considered 
in making a decision to set up a separate production line? 

5. How do organizational problems change when the layout is changed from 
the process method to the product method? 

6 . Are worker attitudes affected by the method of plant layout? Are lines 
^f^ptomotion any different in different types of layout? 

7^ Mention products that might be assembled by the use of a conveyor. Men- 
tion products that might be assembled by being pushed along on a bench or by 
being carried from one workplace to another. Consider washing machines, 
dresses, adding machines, and telephone instruments. 

8. When a conveyor is used in an assembly line, how does management 
determine the proper speed at which it should be run? 

9. An ideal arrangement would mean that the product always moves forward 
and never doubles back to the same workplace. Would this principle ever be 
violated in practice? 

10. Is layout strictly an engineering or mechanical problem, or are human 
relations problems also involved ? Explain. 

11. Would you expect to find that the work at various workplaces along an 
.assembly line always makes the same demands upon the workers? What prob- 
lems are created by a lack of balance at the various workplaces? 

12. What information is necessary to the making of a good layout? 
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CASES 


20. PROCESS CHART FOR CONCENTRATED ORANGE JUICE 

The manufacture of concentrated frozen orange juice that retains the natural 
flavor and vitamin content was developed as a result of the perfection of a vacuum 
process. In a vacuum, orange juice boils at a temperature of about 55 degrees 
Fahrenheit. At this temperature, the natural taste and vitamin content are not 
affected. When the customer adds water to the frozen concentrate, he can make 
a healthful orange drink that tastes much like the, fresh juice. 

At the plant where the frozen concentrate is made, truckloads of fresh fruit are 
received from the groves and unloaded into bins on the receiving platform. The 
fruit is first transported on a moving belt conveyor to a grader which sorts the 
oranges as to size. Oranges of a specified uniform size are diverted into sepa 
wooden containers where they are crated and shipped as fresh fruit. The smill 
or irregular shaped oranges are used to make the frozen juice concentrate. 

The oranges are passed through a washing machine and then transported to 
the cutter which halves them. Next the juice is extracted, and the rinds and seeds 
are ejected into a bin. The rinds are sent through a separate process and made 
into marmalade. The juice is passed through a filter which removes the pulp. The 
pulp is chilled, some juice is added to it, and the mixture is later added to the 
concentrated juice to make the final product. 

After the juice has been filtered, it is pumped to the machine which passes it 
through a vacuum to reduce the moisture content. Next the concentrated juice is 
mixed with the pulp, the mixture is placed in cans, and the cans are sealed. The 
cans of juice are then passed through a freezer where the concentrate is quickly 
frozen. The cans are then placed in paper shipping cartons, the cartons are sealed, 
and the boxes of canned juice are placed in cold storage until they are shipped 
All of these operations, except for some handling of the boxes, are ] 
equipment that is automatically controlled. 


Required: 


Prepare a process chart, i: 


• i* .» 


* W ' ' , 

21. PROCESS CHART FOR BOXMAKING r.; 

The American Box Company makes boxes of corrugated paper thgt are used 
for shipping fruit jars and other glass containers. All boxes are made according 
to the specifications of the customer. In most cases the name and trademark of 
the customer are printed on the outside of the box by a special process. The boxes 
are made of three materials: brown paper, glue, and staples. 

The plant' is laid out by processes as follows: receiving and storage, papermak- 
ing and cutting, lithographing and printing, automatic stapling, hand stapling* 
divider assembly, and final assembly. The paper is received in large rolls at one 
comer of die building where it is stored until required in production. As the rolls 
of paper are very heavy, they are lifted, stored, and removed from storage by ovejr- 
head crane. When an order is to be run, the paper is moved from the storeroon^ 
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to the papermaking machine and placed in position for processing. Three rolls of 
paper are used in making the corrugated paper. The inner strip of paper is 
crimped or fashioned in a wavelike effect, and the three pieces of paper are then 
glued. The machine also shears the strips of corrugated paper into the proper 
lengths to make any box. The cutting knife of the machine is set at the beginning 
of any operation to cut the paper into the lengths desired. The machine piles the 
pieces of corrugated paper onto a truck or dolly. 

Since the jars and bottles which are to be packed inside the box are fragile, each 
box is equipped with cross strips called “dividers. 0 The paper for the dividers 
is made on the same machine as that used for making the boxes. The machine is 
set in such a way that the corrugated paper is cut into strips of proper size, and 
each strip is slotted with cuts of the proper size and depth. 

From the papermaking machine, the paper for boxes is moved to the litho- 
graphing and printing machine, which has been set to imprint the name and 
trademark of the customer on each box. The sheets of paper for boxes are fed in- 
to the manually operated machine, which will process them as rapidly as the 
worker can handle them. The sheets are ejected by the machine and piled on a 
hand truck. 

The next operation consists of forming and stapling the box. The company has 
two types of machines for this operation. Some machines are fully automatic and 
some are manually operated. The manually operated machines are used for small 
boxes which require greater precision in the work. 

The corrugated strips of which the dividers are made are assembled by a special- 
purpose machine which was designed for this one operation. The machine has 
two magazines or hoppers, one for each size of strip of paper. The machine picks 
up the strips, fits them together, and drops the assemblies on a hand truck. 

The boxes and dividers are now ready for final assembly. They are moved to 
department while they are still piled on the hand trucks. Work- 
ividers inside the box in a manual operation and then place the boxes 
>r belt. Bottles and jars are made in the plant in the adjacent build- 
Dnveyors bring the boxes to workers, and other conveyors bring the 
:les to them. After the glass containers are placed inside the boxes, 
is shipped by truck to the customer, which may be a fruit or vegc- 
ing company. 

Prepare a process chart for the operations. Use the form and the symbols as 
shown on page 225. 

22. PLANT LAYOUT IN NEW LOCATION 

In 1923 the Arabian Coffee Company established a plant in Los Angeles. In 
4938 the company decided to move to the East San Francisco Bay area, and a site 

selected at San Leandro. This location was chosen because of the facilities for 
shipping at the nearby port of Oakland, the highway and railway facilities, 

availability of an undeveloped plant site, the central location in the market 
atca, and the availability of housing facilities. 

A* *-° s Angeles plant the company had four production lines for coffee. 
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Because of the emphasis upon freshness as a quality of good coffee, the company 
was unable to build up an inventory to supply customers during the period when 
machines and equipment were down for moving. It was therefore decided to 
move one line at a time and to keep three lines continuously in production. With 
some overtime the company would be able to keep customers supplied and thus 
retain the market. 

As the building in San Leandro neared completion, the chief engineer drew 
up a time schedule for moving. The location of each machine in the new building 
was planned, and the exact position was marked on the floor. Each machine was 
numbered, and the corresponding number was used to identify the location ifi the 
new building. As soon as one line was set up and placed in production, the! next 
line was moved according to schedule. \ 

Employees and members of the management at Los Angeles were given\ the 
opportunity of moving and retaining their positions. The company agreed to pay 
each employee $300 to meet moving expenses, and it also agreed to pay the addi- 
tional living costs while the employee was finding a place to live. Wherever pos- 
sible, the company granted leave with pay for two days to those employees who 
wished to visit San Leandro prior to moving to look for a place to live. Sixty-five 
per cent of the employees accepted the offer to move with the plant. The high 
percentage was due in large part to the fact that the production lines were largely 
automatic and that most of the people held specialized positions at good salaries. 

Each employee was told when his line would be moved. As soon as a line was 
taken out of production, employees on that line who were not making the change 
were shifted to other lines; and enough employees from other lines who wanted 
to move were transferred to the new plant to fill the positions. With new recruits 
at San Leandro, three lines were kept fully manned. To prevent premature quit- 
ting of employees not making the change, a bonus was paid each person for con- 
tinuing work as long as his services were required. 

Questions : V 

1. What costs are involved in moving a plant? 

2. Under what circumstances is a company justified in making such a change? 4 

3. What steps did the company take to reduce the costs? 



CHAPTER 


12 Maintenance 
of Machinery 
and Equipment 


When machinery and equipment are selected, purchased, 
and installed, the management problems are not ended. Maintenance 
is important in its effect upon the life of the equipment, upon the 
amount of downtime, and upon the quality of the service a machine 
may render. Increasing mechanization and the use of fully automatic 
machines mean that maintenance problems require greater attention. 
In many companies, maintenance does not receive the emphasis that 
it should. 


ORGANIZATION FOR MAINTENANCE WORK 

The. organization of the maintenance department will vary with the 
size of the company, the degree to which operations are mechanized, 
the attitude of the management, and certain other factors. Each operat- 
ing department may attend to its own maintenance problems, or a 
centralized maintenance department may handle all major maintenance 
work throughout the plant, leaving to each operating department only 
minor repairs and lubrication work . 1 A centralized maintenance de- 
partment is usually considered better for a large company, and this 
type of organization will be assumed in the discussion which follows. 

The Maintenance Department. The work of maintenance is a 
part of the manufacturing division, which may be headed by a vice- 

■ 1 Harold E. Bliss, "How to Find and Control Your Maintenance Costs," Factory Man- 
agement and Maintenance, Vol. CXI, No. 3 (1953), pp. 113, 119. 
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president in charge of manufacturing. Next below him is the plant 
engineer, to whom the maintenance foreman reports. The maintenance 
foreman might be assisted by a dispatcher or maintenance clerk and 
perhaps by a stock and crib attendant who would be in charge of the 
storeroom for repair parts and would requisition the purchase of addi- 
tional parts when needed. The chief or leadman for each group of 
craftsmen, such as carpenters, electricians, and millwrights, would re- 
port directly to the maintenance foreman. In a smaller company, fome 
of the units would be consolidated in sotne manner, depending hpon 
the nature of the company and the amount of maintenance worlt In 
a still smaller plant, the craft foreman would report directly to\the 
plant engineer, and the engineer himself might attend to the work 

VICE-PRESIDENT 
FOR MANUFACTURING 


PLANT 

ENGINEER 


CHIEF MANAGER OF MAINTENANCE SAFETY MANAGER OF 

ORAFTSMAN BOILERHOUSE FOREMAN INSPECTOR PLANT PROTECTION 


MAINTENANCE 

CLERK 


STOCKROOM 

ATTENDANT 


CHIEF 

ELECTRICIAN 


CHIEF CHIEF PLUMBER CHIEF OF 

CARPENTER AND FITTER LABOR GANG 

FIG. 25. Organization for Maintenance Work 



of planning and dispatching. The total number of employees; 



in maintenance work averages about 8 to 10 per cent of the/WBtfcers 
employed in production. A possible method of organization fortnain- 


tenance is illustrated in Figure 25. f -y 

The maintenance department may be made responsible for repairs 
to both buildings and machinery and equipment, or it may tie respon- 
sible for the maintenance of only machinery and equipment. Such 


maintenance would include routine inspection, repairs found by in- 
spection to be necessary, regular overhauls of machinery and equip- 
ment, and emergency repairs necessitated by breakdown or accident 
Some plants employ outside service companies to do a part of their - 
maintenance shopwork. The contract with the service company usually' 
provides for peak loads, and the routine maintenance work is done by;. 



maintenance of machinery and equipment 


237 


the company itself . 2 Other companies use outside contractors only for 
special types of work, such as window cleaning, roof repairs, elevator 
work, overhaul of air-conditioning equipment, and major repairs to 
buildings. 

Most of the maintenance work must be done at the machine or in 
that part of the building in need of repair. The worker takes the tools 
and the materials and goes to the place where the work is to be done. 
In some cases, however, a unit of the machine may be removed and 
taken to the shop for repairs, and sometimes the entire machine may 
be taken to the shop. The tools used may be the usual hand tools of 
the craft, but more often the tools are motor driven. Power tools will 
perform such work as cutting, drilling, riveting, welding, sanding, 
finishing, spray painting, and lubricating. Power tools are economical 
not only because they reduce labor cost but also because machines are 
repaired and returned to production more quickly. 

Relation to Operating Departments. In some companies, the 
maintenance department, which functions as a service department for 
operations, lacks the prestige that is associated with manufacturing 
departments. Its members may be assigned a less desirable location in 
the building than members of the operating departments. Maintenance 
workers may be required to use equipment that is no longer considered 
adequate for production work. The maintenance foreman may have 
difficulty in getting appropriations that he considers necessary. Clerical 
ervices and operating facilities may be inadequate as compared with 
■facilities of the operating departments. Although maintenance em- 
Hpp may frequently be required to work overtime and on week 
■Bp credit for increased production and low cost may be given 
line personnel. The situation requires special effort on the 
parti&the plant engineer and top executives in order that the efficiency 
of -the maintenance department may be kept at a high level. 

Thfe position of the maintenance department in the organization may 
also require special attention to the morale of the maintenance em- 
ployees. Frequently, this problem is neglected because the plant en- 
gineer who heads the department is essentially a technical expert 
father than a supervisor or administrator. He should stress the im- 
portance of maintenance work and see that employees are provided 

- With adequate tools and facilities. To increase worker interest, he may 
-jfeeep maintenance men informed of the work accomplished and also 

1 'i 

' . ’"Contract Maintenance,” Factory Management and Maintenance, Vol. CXVH, No. 7 
pp. 171-2X4. 
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of the projects that are planned in order that they may not be afraid 
of running out of work. He may solicit their ideas concerning needed 
repairs, maintenance methods, and operating procedures. The morale 
of any group may be improved when they can have a voice in the 
way their work is to be done. 

Hours and wages of maintenance workers create special problems. 
Overtime is difficult to avoid, and the manner in which it is assigned 
to different workers may seem to constitute a discrimination. Although 
piece rates and bonus plans may be developed for maintenance Work, 
production workers usually have a better opportunity to increase their 
earnings by increasing their production. Craftsmen in maintenance 
work usually are paid less per hour than similar craftsmen employed 
by building contractors. The comparison of the wages of the tWo 
groups may create particularly difficult problems when outside con- 
tractors are engaged in special projects at the plant. Although the 
differences in wages may be explained by regularity of employment, 
better working conditions, and indirect financial benefits, the wage 
differential sometimes causes worker dissatisfaction. 

Other problems may arise within the department as a result of in- 
adequate supervision. Maintenance foremen may need special training 
in human relations and methods of supervision since their earlier train- 
ing and experience have been largely of a technical nature. The super- 
vision of maintenance work is especially difficult because the work 
must be done at any place in the plant and possibly at some distance 
from the foreman’s desk. Foremen should not be permitted to become 
involved in paper work but should spend most of their time super- 
vising maintenance work. 

PLANNING FOR MAINTENANCE 

The planning and scheduling of any kind of work permit orderly 
and efficient procedure. Although excessive paper work should be 
avoided, the scheduling of maintenance work should make possible 
adequate preparation for personnel, parts, tools, and materials. General 
planning permits workers to make detailed plans of their own work 
and to develop a feeling of orderliness. Maintenance men should have 
some assurance that they can complete any task they start without 
being shifted back and forth from one place to another. In planning 
for maintenance, management can give priority to such work as may 
be necessary to keep the downtime of equipment at a minimum. Each- 
craft can more easily be assigned to the type of work for which it . Is 
best fitted. 
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Problems of Scheduling. Although most companies plan and 
schedule lubrication, inspection, ^nd major maintenance work, many 
of them do not attempt to schedule a large part of the work. Many 
maintenance executives believe that work cannot be planned in ad- 
vance with any assurance that the work can be completed on schedule. 
The difficulty is that breakdowns and accidents interfere with any at- 
tempt at orderly planning. When such interferences occur, the sched- 
uling of work in advance is found to be wasted effort. However, plan- 
ning for inspection and overhauls should reduce the number of break- 
downs and emergency repairs. A maintenance plan that can anticipate 
80 per cent or more of the work for one day ahead is usually better than 
no plan at all. When any such plan is made, it should provide for 
small tasks as well as large. The small tasks may be neglected indefi- 
nitely if this procedure is not followed. Sometimes a number of tasks 
may be grouped together and scheduled as a single larger task. 

Determining the Work Load. Each assignment of maintenance 
work requires a written authorization by the proper authority. In large 
companies, the authorization for repairs to machinery and equipment 
may originate with the plant engineer, the plant superintendent, the 
foreman of the department needing the repairs, or some other execu- 
tive, depending upon the company organization. The order for major 
repairs or maintenance work on buildings may originate with the 
plant engineer, the vice-president for manufacturing, the plant super- 
intendent, or other executive. In many cases, the approval of more 
than one executive is required. If the work is urgent, a request may 
be made by telephone to the person who issues work orders. A request 
for work indicates the nature of the work to be done, the tools and 
materials required and their cost, and the estimated labor cost. Central 
control may be established by means of work orders, to which numbers 
are assigned. No maintenance work can be assigned to maintenance 
workers until a regular work order has been properly authorized, num- 
bered in proper sequence, and scheduled by the dispatcher. 

Preventive maintenance schedules are prepared on the basis of ma- 
chines to be inspected or serviced. The first step in the preparation of 
such a schedule is the listing of all plant assets. Each machine is de- 
scribed on a separate card and is given a number. The type of service 
required by each machine and the nature of the inspection are in- 
dicated. Servicing and inspection schedules are then established, and 
the work is planned to distribute the work load by weeks and by days 
: #£ the week. To prepare such a schedule, the engineer should know 
approximate time that will be required for each work assignment. 
IPhis information is best obtained by time study. 
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The work load should be arranged on some kind of priority system. 
The work orders may be ranked on a basis similar to the following: 

Repairs that are necessary because of breakdowns. 

Repairs whose need was determined by inspection. 

Repairs for the correction of accident hazards. 

Repairs for the prevention of damage to materials or breakage of machinery. 

Routine requests from operating executives. 

Alterations or rearrangements of machinery and equipment. ; 

The ranking is only the beginning of the scheduling, as the date when 
each work assignment is to be started and completed should be indicated. 

Any one of several methods may be used to indicate work planned. 
According to one simple method, a separate order for each assignment 
is prepared and placed on a spring clip bulletin board. Three spaces on 
the board are provided for each group of craftsmen. Under the first 
clip are the work orders for the assignments on which the men are 
presently engaged. Under the second clip are the next orders planned, 
and under the third clip are work orders for completed assignments. 
When an assignment is completed, the order is removed from the 
first clip and placed under the third clip. The work order on top under 
the second clip is removed and advanced to the first clip. Several varia- 
tions in the method of using the board may be followed, but all of 
them are based upon the same principle. 

Following the Progress of the Work. The craftsman who does thg 
servicing of the repair work indicates on the work order the naj 
of the repairs made or other work done. If an inspection indicate 
need for additional work, this fact is stated on the complete 
order. The maintenance foreman would inspect the compleb 
orders each day and send them to the plant engineer. The 
counting department would also be notified of work completed in 
order that it may compute the cost. The plant engineer is notified of the 
cost, and he enters this information on his copy of the work order. The 
file of completed work orders is used in conferences with the mainte- 
nance foreman concerning the work of the department. The record 
also serves as a basis for estimating the costs on work that may be 
contemplated. 

More complicated methods may be used where a large volume of 
maintenance work is scheduled and dispatched. Some companies plan 
major repairs .for a year in advance. Their estimates would indicate 
planned starting and completion dates and the number of men to ho 
used on each project. The schedules are prepared in a conference of 
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foremen and executives of the manufacturing departments who take 
into consideration the desired sequence of the work, anticipated weather 
conditions, and the availability of men and materials. The plans are 
graphically portrayed by means of a Gantt chart, on which the hori- 
zontal scale shows the weeks or months of the year. Each project is 
represented by a horizontal line, the length of which indicates the 
estimated time for the work. Such a chart is illustrated in Figure 26. 


PROJECT 

1 1 1 1 1 1 1 1 

NUMBER 


6-185 

« 

6-186 

» « 

4-75 

i i 

5-914 

i - , . j 

6-187 

i 1 
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L- - .,1 

5-915 

l i 


1 1 1 1 1 1 1 1 1 


12 16 20 24 28 32 36 

WEEKS, BEGINNING JAN. 3 

FIG. 26. Gantt Chart Showing Planned Major Projects 



leted work may be shown in a similar manner but with a heavier 
the same chart. Some companies use a bulletin board of the 
Sard type to portray such information. This pegboard is the same 
Jj| used in any production planning, as explained in Chapter 34. 
^‘ record of the maintenance work done on each machine may be 
kept m the office of the plant engineer or the maintenance foreman, 
depending upon the organization of the company. This record would 
indicate the date when the work was done, the nature of the work, 
and the cost. This information would be useful in scheduling future 
maintenance, estimating costs, and planning for machine replacements. 

Management of Maintenance Stores. The control of the inven- 
tory of parts and supplies used in maintenance is necessary to assure 
'that parts will be available when they are needed to minimize down- 
-ttame, to reduce losses of repair parts due to negligence or pilfering, 
*'fshd to make possible an accurate determination of maintenance costs. 
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Most plants now have a separate stockroom for maintenance materials 
and supplies. They keep records of parts on hand. A stockroom at- 
tendant under the direction of the maintenance foreman is respon- 
sible for inventory management. 

The control of the inventory of maintenance materials begins with 
the purchase of a new machine. When the machine is ordered, the 
manufacturer may be asked for a complete list of the spare parts that 
will be necessary for its continuous operation. This list should, be 
checked against the inventory of similar parts. Any parts not on hand 
may be ordered at that time. When any machine is retired, it should 
be stripped of all parts that might be useful in the repair of other 
machines. The parts are indexed and placed in the storeroom. At that 
time, also, any parts for the unit retired which cannot be used on other 
equipment may be removed from the storeroom and scrapped. 

Some parts that are readily available from local supply houses may 
not be kept in stock but may be purchased when needed. If the time 
required to obtain such parts is short, the company may keep an in- 
ventory of only the parts that will be needed in an emergency. The 
maintenance foreman should regularly review the inventory to make 
sure that all such parts are in stock but that the inventory is not 
excessive. 

The method of operating the maintenance storeroom is similar to 
the methods used in storerooms generally. The room should be closed 
to all persons except the regularly authorized attendant. The person 
in charge should be accurate in keeping records, and he should also; 
have sufficient mechanical ability to measure and issue parts and- sup- 
plies and to recondition standard parts. Purchase requisitions should 
be checked in the receiving room. Incoming materials should be counted 
or weighed for quantity and inspected for quality. Records should be 
kept of quantities issued, and amounts on hand should be regularly 
compared with book inventories. The stockroom attendant performs 
various services for the manufacturing departments, such as cutting bar 
or hollow stock to the lengths needed, splicing belts, and repairing 
valves and other parts. 

CONTROL OF MAINTENANCE PERFORMANCE 

Periodically the maintenance foreman, the plant engineer, and the 
top executives will want to know whether the maintenance costs are 
reasonable and whether the maintenance work is being well done. A 
comparison of the maintenance costs of one plant with similar costs 
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throughout the industry or in other plants is not likely to be helpful. 
One reason such comparisons do not provide reliable standards is that 
more maintenance is required in plants moving heavy materials and 
using large units of equipment. The type of operation also affects the 
need for maintenance. Other factors are the age and condition of 
plant and equipment, the degree of mechanization, the number of 
work shifts per day or week, and the amount of overtime in case the 
plant operates only one shift. 

Standards of Performance. The standards for maintenance man- 
agement may be designed to show the extent to which work has been 
successfully planned, the distribution of the maintenance work load, 
the nature and amount of the maintenance expenses, and the relation 
of maintenance work to the productivity of the plant. While various 
standards may be established, the success of the management in plan- 
ning for maintenance may be measured by the man-hours spent on 
emergency work as a percentage of the total man-hours of the de- 
partment. Planning efficiency may also be measured by the overtime 
hours for a month or other period as a percentage of total man-hours 
for the same period. 

Maintenance management may also be judged by the distribution of 
the current work load. The current "backlog” of work may be stated 
in terms of the number of weeks of work planned ahead. If the work 
as planned will require several weeks for completion, some essential 
work may be neglected or postponed for too long a period of time. 
Another comparison might show the percentage of total man-hours 
for . the month which have been spent in planned preventive mainte- 
nance and the percentage spent in each other class of repair and main- 
tenance work. 

In the area of monetary cost, data may be compiled to show the 
maintenance expense as a percentage of the investment in buildings, 
machinery, and equipment. Maintenance expense may also be shown 
as a percentage of the total cost of the product. Maintenance expenses 
may be classified to show the percentage of the total that has been 
expended for routine maintenance work, inspection, repairs of defects 
disclosed by inspection, emergency repairs caused by breakdowns, and 
other possible types of maintenance work. 

The efficiency of the maintenance staff may be measured by several 
kinds of data. One such standard is the number of persons in the main- 
tenance department as a percentage of the total man power engaged 
in production. Another standard is the percentage of operating time 
fost in downtime for maintenance reasons. The number of units of 
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product for each dollar spent in maintenance work may also be used 
as a standard. In each case, the performance for the current year may 
be compared with the performance for the preceding year or some 
earlier year which may be used as a base period. 

Management Reports. The information pertaining to mainte- 
nance costs should be made available to management if it is to be use- 
ful. One desirable report might show the maintenance costs by de- 
partments and machines. Management is sometimes surprised to learn 
that excessive costs are incurred in connection with certain machines 
that were rated highly when they were purchased. Another report 
might be a weekly summary of maintenance costs showing the costs 
by crafts and indicating for each craft the actual labor hours, qie 
standard or estimated hours, the overtime, and the excess of the actual 
labor cost over the standard. Another section of the weekly report 
might show the cost of repairs in each department. A job progress 
report might be made monthly to indicate the work orders completed 
during the month, the orders in progress, and the orders planned but 
not yet started. A space opposite each listing would be used for perti- 
nent comments as to each project. One purpose of such a report would 
be to attract attention to any work that might otherwise be postponed 
from month to month. 


Information as to the costs of maintenance may also be used as a 
guide to the purchase of new machinery. Maintenance costs are in- 
creased when manufacturers use special parts that are not readily 
available. They may also design the machine in such fashion tb;^'_ 
lubrication is difficult and worn parts are not easily replaced. FotjrfKj 
reason, the maintenance manager should be consulted before aJSEjjp' 
machine is purchased. The user of a machine may render a servjrf §y 
the machine manufacturer by reporting features of machine ileHgnv 
that increase maintenance costs. 


An analysis of the causes of machine breakdowns may disclose in- 
adequacies in the program for the regular inspection or maintenance 
of machines and equipment. For example, the maintenance crew may 
fail to inspect or lubricate certain parts, or the preventive maintenance 
program may be inadequate in other respects. 

The maintenance department should strive to render effective and 
efficient service to the operating departments in order that manufactur- 
ing operations may be conducted at low cost and repair work may be 
kept on schedule. The objectives of all production departments are low 
cost, quality in accordance with predetermined standards, quantity prp-,‘ 
duction, good personnel relations, and customer service. „'i 
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QUESTIONS 

* 

1. How can the maintenance foreman plan for maintenance work when he 
is expected to take care of breakdowns of machines and other such emergencies? 

2. Why might a worker prefer to be assigned to a manufacturing department 
instead of maintenance? What might be the advantages of doing maintenance 
work ? 

3. How can the management determine whether its maintenance work is 
well done at low cost? 

4. Under what circumstances might a company contract with outside concerns 
for its major repair work? Give examples of contracts that might profitably be 
let to outside companies. 

3. Can management establish standards of performance for maintenance work 
when many kinds of repair work are done? 

6. What types of maintenance work can best be done by the worker at the 
machine or under supervision of the foreman? 

7. Why might a craftsman such as a painter or mechanic receive more pay 
when he works for an outside contractor than when he works for a manufacturing 
concern ? 

8. How is the problem of maintenance affected by the development of fully 
automatic machines and by automation? 

9. Maintenance is usually a staff function because the maintenance department 
renders a service to the manufacturing departments. How docs this fact increase 
the problems of the foreman of the maintenance department? 

10. Can the maintenance department advantageously use an incentive method 
of wage payment? 


CASES 

23. REPORTING DAMAGE TO EQUIPMENT 

' 14 JtMhe Winchester plant of the Allied Machine Company, the foreman of 
maintenance informed the plant engineer that he thought much of the damage 
to xnachinery and equipment could be avoided if proper care were exercised by 
operators of machines and drivers of trucks, automobiles, and lift trucks. Al- 
though workers could not be charged with carelessness, many of them did not 
take sufficient precautions. For example, a driver of a lift truck that was loaded 
with pallets stacked with cartons attempted to pass a box that had been left in 
the truck lane a few minutes earlier. One of the cartons on the truck was pushed 
against a switch box that controlled a turret lathe, and the box was torn off the 
wall. The damage could have been avoided if the driver had stopped the truck 
and removed the box, or if he had waited until the stock handler had time to 
move it. In another instance in the yard, a truck driver failed to devote full atten- 
tion to his driving and ran into the rear of the truck in front of him. Damage to 
machines on the production line frequently could be attributed to inadequate 
‘ training of the operator, indifference, congestion due to an accumulation of ma- 
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terials, and poor housekeeping. Damage was also caused by failure of the oper- 
ator to report that a machine was in need of repair. 

The maintenance foreman believed that damage could be reduced if workers 
were made to realize the cost of making repairs and the nature and extent of their 
own responsibility. Upon his recommendation, the plant engineer, after consulta- 
tion with other executives in the operating departments, authorized a system for 
the reporting and investigation of all incidents requiring repair work. According 
to the plan, a worker who is involved in any such incident is required to fill out 
and sign a written report describing the incident and the extent of the damage. 
The maintenance department then estimates the c v o§t of repairs and the probible 
downtime of the machine and enters the information in the appropriate spaces 
on the same form. \ 

Each incident reported is investigated by a committee of four persons, com- 
posed of the assistant works manager, the assistant personnel manager, the fore- 
man of the department where the incident occurred, and the general foreman. 
As soon as the incident is reported, the chairman of the investigating committee 
calls the other three members by telephone and the committee convenes immedi- 
ately. The committee makes a report describing the nature and extent of the 
damage, the cause of the incident, and its recommendation for preventing a 
recurrence. The committee has no power to act ; it merely recommends. A copy 
of the report is filed by each member, and one copy is placed in the personnel file 
of the employee. 

The company has found that employees dislike the preparation of reports of 
incidents in which they are involved and the filing of a report in their personnel 
records. However, under the system the reporting is necessary because the main- 
tenance department will not make the necessary repairs until the report has been 
submitted. Incidents causing damage have been decreased to such an extent that 
maintenance employees now average 7 per cent of the work force as compared 
with 10 per cent before the present system was adopted. The assistant works 
manager believes that the discussion of costs, safety practices, downtime, and 
other such problems while the case is being investigated has had a wholesome 
effect upon worker attitudes. 

Questions : 

1. What are the advantages of the new plan? 

2. What objections may be made to it? 

24. FOREMEN KEEP MACHINES IN REPAIR 

Mr. Walter C. Clark, president of the Central Manufacturing Corporation, 
had reason to believe that costs throughout the various divisions of the company 
were too high, but he was unable to determine the causes or to take the proper 
corrective action. The problem of costs had been discussed at meetings of the 
policy committees without bringing to light what Mr. Clark thought were the 
basic causes. The president therefore decided that a management consultant 
should be engaged to make a study of the organization and the policies and 
practices of the various divisioiis and to recommend corrective action. 

The reason Mr. Clark decided to call upon an outside consultant was that AD 
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outsider could talk freely with executives, foremen, and workers and they could 
talk freely with him. Anything that might be said by any person would be 
considered as confidential. No persdn would be quoted, and the information 
given would not be used in a manner that Vould enable others to identify him. 
Both Mr. Clark and the consultant assured everyone that confidences would not 
be betrayed. 

When the consultant talked with the maintenance foreman, he learned that 
some foremen failed to report that machines were in need of repair or overhaul 
and that they continued to operate machines until serious trouble developed. 
When repairs became necessary, a foreman might have a worker in the department 
do the work instead of calling upon the maintenance department. In such cases, 
the repairs were not properly made and trouble again developed after a few 
weeks. The foreman did not report the trouble to his supervisor; or if he did 
report it to the general foreman, the information was not passed further up the 
management chain of command. The cost clerk, who recorded the labor cost 
of the repairs, entered the charge in a miscellaneous expense account and rendered 
no report. The maintenance foreman could not cite any specific instances of these 
practices, but he was sure that they occurred and that they lowered the efficiency 
of the plant and increased costs. 

As the consultant talked with the foremen in the manufacturing departments, 
he eventually led them into a discussion of mechanical efficiency and maintenance 
practices. Most of them admitted that the maintenance foreman had correctly 
described the situation. One foreman made the following comment: 

"My department is given an efficiency rating at the end of each month. I 
don’t know just how they figure it, but I do know that I have a production quota 
and that if I do not meet it, my rating goes down. If it drops below 90, my boss 
calls me into his office for an explanation. Once it dropped to 83 and all the top 
brass was around looking over the department and ordering me to make changes. 
I have to keep the machines going even if they do not operate as smoothly as 
, they should. After the end of the month when I have met the quota and held 
up the efficiency of the department, I can put a man onto a machine when he has 
4 little free time. I have some good mechanics in the department and they can 
repair a machine in less time than a maintenance worker could do it. Our men 
know these machines and they know what to do. I have a machine over there 
now that is making a lot of noise but it is still going and I think it will hold up 
until I get the quota for this month out of the way. As long as they assign me 
a quota and figure my efficiency, I am going to try to beat the game. 

"Another thing is that I can have one of my men make the repairs for less 
money than maintenance would charge. They limit me to a budget, and I have 
to keep my expenses down. When I call maintenance, the accounting office 
charges the cost of repairs against my budget. I don’t know how they figure 
the cost, but I think they must add a lot for overhead or something. I operate 
the only practical way I can under the circumstances.” 


Question: 

, What should the consultant recommend as a solution to the problem of 
maintenance ? 
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25. A TRANSFER PROBLEM 

At the Fiske Company, transfers could be arranged by any worker in any de- 
partment in the plant through the Offices of the personnel department. Notices 
of vacancies were posted on the plant bulletin board, and any worker could apply 
for transfer. If several qualified workers applied for the same position, the work- 
er with the greatest seniority was given the preference. The foreman of the 
department where the worker was currently employed was always consulted, but 
he usually considered it unwise to attempt to keep a worker if a better position 
was available elsewhere. Likewise, the foreman of the department in which the 
vacancy existed was consulted ; but since the union stressed seniority rights in the 
filing of vacancies, the foreman usually accepted the qualified worker who had 
the greatest seniority. 

When Sam Jones sought employment at the Fiske Company as a machinist, he 
was placed in the maintenance department. This type of work was acceptable to 
Jones because he liked repair work. However, he soon discovered that work in 
the niiintenance department was disagreeable in several respects. Major overhaul 
work was regularly scheduled for Saturday and Sunday. The hourly rate for such 
work was the same as the weekday rate unless the total hours for the week ex- 
ceeded forty. Moreover, Jones was frequently asked to work extra hours at night 
because of emergencies caused by breakdowns. While he received extra pay for 
such work, he disliked it because his wife could never plan social activities with 
any assurance that Sam would be at home. 

Maintenance work was frustrating to Sam because he could not always com- 
plete a task the way he would like to. He frequently was required to leave a 
task half finished to answer a call for help in an emergency. At some times, 
however, maintenance men seemed to loiter around because no breakdowns 
occurred. A further objection to maintenance work was that the position did 
not carry the same prestige as a machinist job in production. Operating em^ 
ployees were regarded as more important because they made goods for 
whereas maintenance workers merely facilitated production or served the- 

When a vacancy in a machinist’s position in a production department 

posted on the bulletin board, Jones decided to apply. When the foreman! 
maintenance department heard of the application, he filed a protest ' 

personnel department because of his inability to keep good workers in the depart j 
ment. He contended that transfers should not be posted on the bulletin hoard. 
He insisted that he was required to contend with a constant stream of workers 
into and out of the department. 


1. Criticize favorably or unfavorably the practices of the^iske Company. 

2. Explain what action should be taken in the case of Sam Jones. 



CHAPTER 


13 Working 

Conditions: Light 
and Color 


Good working conditions include adequate lighting, 
proper use of color in the work areas, air conditioning, elimination 
of unnecessary noise, possible use of music and other broadcasts, and 
control of monotony and fatigue. Working conditions depend partly 
upon the physical equipment, such as buildings, machinery and equip- 
ment, and methods of work. 


LIGHT 



srence was made in Chapter 1 to the Hawthorne experiments in 
jg and other working conditions. Although these experiments in- 
that the effect of changes in physical environment can be over- 
enqi*sized, they should not be interpreted to mean that such changes 
ate unim portant. They suggested that changes in lighting can affect 
Output by changing employee attitudes. They indicated that when one 
event precedes another, the first is not necessarily the cause of the sec- 
ond, unless the causal relationship is interpreted to include worker 


attitudes. * 

Advantages of Good Illumination. Much information has been 
■; collected to show that good illumination soon pays for its cost. Al- 
vthough the results of experiments in lighting should not always be 
accepted without reservations, the installation of a good lighting sys- 
tem has been shown to have several advantages. Production may be 
-increased with good light because the worker perceives tools, ma- 
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terials, and machine controls more readily and can perform his tasks 
more quickly. In certain types of work, quality of product may be 
improved because the worker makes fewer mistakes when he can 
clearly see the work. Examples are matching pieces of cloth to make 
a garment, making buttonholes or performing sewing operations, paint- 
ing by spray or brush, grinding, or polishing. An automobile manu- 
facturer found that a better lighting system enabled workers to detect 
more readily slight changes in shades of paint. In tobacco processing, 
better light aided in the grading of tobacco. In metalworking opera- 
tions, micrometer scales were read more quickly and more accurately. 
Increased light has been found to be accompanied by less spoilage in 
the manufacture of such products as electrical equipment, automatic 
machine tools, and other work made to close specifications. 

lighting conditions are closely related to other conditions of work. 
Floor space may be more effectively utilized because machines and 
workplaces can be located in space which could not otherwise be used. 
Good lighting also encourages better housekeeping. Poorly lighted areas 
and passageways afford convenient places to throw trash and to store 
excess material which should be returned to the storeroom or thrown 
into the scrap collection. Dirt is often permitted to accumulate in 
poorly lighted areas, while well-lighted areas are more likely to be 
kept clean. Accident hazards are decreased by better illumination 
because good light increases perception, lessens fatigue, and permits 
quicker nervous and muscular responses. 

Lighting affects employee mental attitudes and also physical condi- 
tion. Consciously or unconsciously, employees react to better working 
conditions and respond by increased co-operation. Poor lighting eventu- 
ally leads to eyestrain, which in turn causes defective vision, headaches, 
and nervousness. Workers who suffer from eyestrain feel the need for 
more rest and relaxation. They may seek relief by taking unauthorized 
rest periods, by using extra motions to delay the flow of work, or by 
taking days off. 

Phases of Illumination. The provision of adequate lighting, re- 
quires attention to two problems: the effective use of natural light and 
die installation of a good artificial lighting systefti. For day shifts, 
natural lighting may be used as much as 90 per cent of the time. The 
exact percentage varies with the type of buildings and equipment, the 
location of workplaces within the buildings, and the location of the 
plant in relation to other buildings. Natural light is not entirely satis- 
factory because the intensity is not uniform. Both the intensity and the. 
angle at which the light is received will vary with the hour of -the. 
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day, the weather conditions, and the season of the year. With either 
natural or artificial light, seeing is affected by the intensity of the 
light, the size of the objects observed, contrasts in light or color, the 
length of time allowed for seeing, and the time during which a person 
is engaged in seeing tasks. All of these factors are subject to a measure 
of control. The factor that is most easily controlled is intensity or 
brightness. 

Essentials of Good Lighting. An important quality of light is the 
absence of glare from the direct source of light or a reflecting surface. 
Glare is defined as excessive brightness within the field of vision. Re- 
flected glare is caused by glossy paper, polished metal parts, or polished 
wood or glass surfaces. Glare causes eyestrain and fatigue because the 
eyes attempt to adjust themselves to varying and changing conditions, 
and a flickering light will exaggerate the effect. Glare is corrected by 
using a less intensive source of light, by diffusing light at the fixture, 
and by changing the position of the source of light. 

The color of light is an important quality when the work requires 
color discrimination or the matching of colors. The selection of light- 
ing equipment for a workplace where this kind of work is done is a 
technical problem which requires the services of an expert. If color 
discrimination is not important to the work, the color of light is a 
matter of personal preference. Most persons prefer a color that is 
similar to daylight. Women workers may object to a color of light 
that detracts from their personal appearance. Some colors of lights 
"when combined with the colors within the room result in a cold or 
displeasing effect. When this situation is found, it may be necessary 
to experiment with different colors of lights to find a pleasing com- 
bination. 

The Intensity of Light. The standard for measuring the intensity of 
light is the foot-candle, which is the amount of light produced by one 
standard candle at a distance of one foot. The proper intensity de- 
pends upon the nature of the materials, the equipment, the background 
of work, the care and attention demanded of the worker, and the 
vision of the worker. Usually older workers need more light than young 
persons if they are to see as clearly and distinctly. After the age of 45, 
a decrease in visibility often becomes pronounced. However, a general 
guide for required intensities in foot-candles is as follows: 

Rough work, such as loading, packing, washrooms, cafeteria, conference rooms, 
and reception rooms: 10 foot-candles. 

Casual seeing tasks, such as classrooms, filing, casual desk work, and foundry 
.woidt: 20 foot-candles. 
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Critical seeing tasks, such as bookkeeping, stenographic work, sewing, type- 
setting, general fabrication, and general assembly: 50 foot-candles. 

Detailed seeing tasks, such as drafting, fine assembly, inspection, and proof- 
reading: 100 foot-candles. 

Specialized applications, such as color inspection, extra-fine assembly, and fine 
inspection: 200 to 500 foot-candles. 1 

Light intensity is measured by the light falling on the workplace and 
is not entirely a characteristic of the light source. Intensity is affected 
by the distance of the sources of light, the type of reflector or lamp 
fixture, the arrangement and distribution of the light sources through- 
out the rooms, and the reflecting surfaces. The effect of the spacing of 
light fixtures upon the intensity is illustrated in Figure 27. 




Courtesy of Westingbouse Electric Corf. 

FIG. 27. Spacing of Light Fixtures 


Light intensity is measured by a light meter. Inadequate intensity 
may be manifested by employees taking work to a window on dark 
days to see or to inspect it, by employees squinting as they work, by : 
a gloomy and .cheerless appearance of the shop or office, and by a 
spotty appearance caused by dark areas. Inadequate lighting may also 

* See Harris Reinhardt and William Allphin, "Planned Lighting/* Factory Management 
and Maintenance, Vol. CX, No. 5 (1952), pp. 115-23. 
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manifest itself in a high accident rate and other results of a poor 
lighting system. 

Effect of Building Construction. The most important feature of 
the building in its relation to natural lighting is the type of construc- 
tion, that is, light wood-frame, brick wall-bearing, mill or slow-burning, 
reinforced-concrete, or steel construction. Possible window space is less 
in the first three types because the walls must be strong enough to 
carry the weight of the upper floors and the roof, whereas in the other 
two types the frame carries the weight, thus leaving the walls free for 
window space. In single-story buildings, window space can be 30 per 
cent of floor space, which is adequate, though no maximum percent- 



Courtesy of Jones and Lam son Machine Co, 


FIG. 28. A Building with Saw-Tooth Roof 

Note ventilators in roof and side wall. 

age can be prescribed. Since light fails in intensity as it passes toward 
the center of the building, provision is usually made for lighting 
single-story buildings from above. A saw-tooth roof with the glassed 
side toward the north provides good lighting without glare. This type 
of structure is especially desirable in such industries as textile manu- 
facturing and printing, where direct sunlight is objectionable. A 
’ building with saw-tooth roof is shown in Figure 28. 

- V- The color of walls is another factor in light reflection. Wails may be 
jointed white; but gray, cream, and off-white colors are frequently 
The type of floor is another factor. Concrete floors aid in the 

j * 
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diffusion of light, particularly in work that is done on the underside 
of a machine or bulky product. 

Glass blocks in wall construction contribute to the effective use of 
natural light because they permit a small amount of light to penetrate 
into the building without causing glare. They also permit a small 
amount of artificial light to penetrate to the outside area adjacent to 
the building. This feature may assist in plant protection and in accident 
prevention at night. They cause a minimum. -of glare and aid in the 
diffusion of light both inside and outside the building. 

Although glass blocks are more costly than brick, they have increased 
In popularity for several reasons. They permit the installation of great- 
er window areas because they will carry a part of the weight of the wall 



Courtesy of Pittsburgh Plate Glass Co, 
FIG, 29. A Building Constructed with Glass Blocks 


above them and because no window sash is used. They are frequently 
used in monitors as well as in side walls. The dead-air space in the 
blocks gives them an insulating value and helps in the control of tem- 
perature and humidity. They prevent the entry of dust and dirt, pro- 
tect precision machinery, and reduce distracting sounds which may 
enter through an open window. The blocks are easily cleaned. Rows 
of glass blocks lend themselves to sweeping, flowing lines which are 
architecturally pleasing. Figure 29 shows a type of building construc- 
tion in which glass blocks are used. 

Cleanliness of Walls and Windows. Vertical windows may lose 
from 50 to 60 per cent of their efficiency through six months’ accumula- 
tion of dirt and grime on the inside and outside. The exact amount" of. 
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loss depends on the conditions in the city where the plant is located as 
well as on the air conditioning within the plant. Vertical sashes are 
partly cleaned by wind and rain, but windows on a slope accumulate 
dirt very rapidly. The glass in monitors or saw-tooth roofs should 
therefore be vertical. The difficulty of keeping the glass clean is a 
serious objection to skylights. 

Methods of Lighting. Three methods of lighting are used in indus- 
trial and commercial establishments: general lighting, localized gen- 
eral lighting, and local lighting. The general lighting system provides 
for light which is diffused at a substantially uniform level through- 
out the room. Reflectors are spaced symmetrically and in uniform rows 
throughout the lighted area. 

Localized general lighting distributes the light according to the 
varying requirements for illumination at the machines or workplaces. 
If machines or materials-handling equipment cast shadows or interfere 
with the diffusion of light in some areas, extra fixtures may be required 
to provide the necessary illumination. In the localized general lighting 
system, the fixtures are not arranged in a straight line or in a formal 
pattern. Some fixtures are out of line, and some may be nearer the 
work floor than others. Local lighting directs the light toward the point 
of the tool or the individual workplace. Local lighting should not be 
used alone because it causes a sharp contrast between the lighted area 
and the rest of the room. Local lighting without supplementary gen- 
eral lighting would cause eyestrain and fatigue. 

The Source of the Light. Light may be received directly from the 
source, or it may be reflected. Four types of source are possible: direct, 
Indirect, semidirect, and semi-indirect. Direct lighting is supplied by a 
fixture which directs all the light to the workplace. In an overhead fix- 
ture, for example, the reflector is above the light, thus preventing any 
of the light from reaching the ceiling, except that which is reflected 
from lower areas. The danger of glare from direct lighting is very 
great, unless the fixtures are located well above the line of vision. 

In indirect lighting the reflector is placed between the source of the 
light and the workplace, thus directing the light toward the ceiling or 
the wall from which it is reflected and diffused throughout the room. 
This type of fixture eliminates much of the danger of sharp contrasts. 
The difficulty is that this arrangement may not provide sufficient in- 
tensity. The reflecting surface should be painted a cream, white, or 
other light color to prevent the absorption of an excessive amount 
Of the light, and the surface should be kept reasonably clean. Indirect 
■ lighting systems have limited application, unless they are supple- 
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mented by some other system. The cost of operation is increased by 
the fact that a part of the light is lost by absorption. 

In semidirect lighting, some of the light proceeds from the source 
toward the work area and some is directed toward the ceiling which 
reflects it. A glass fixture may be placed over the light globe and the 
light rays may penetrate the fixture in all directions. In semidirect sys- 
tems, from 10 to 40 per cent of the light is distributed upward, and 
the remainder is distributed downward. , I 

In semi-indirect lighting, some of the light may proceed downward 
through a fixture, while some of it is directed toward the ceiling. The 
fixture in semi-indirect lighting is partly metal and partly glass. The 
metal part of the fixture provides the indirect light. In semi-indirect 
lighting, from 10 to 40 per cent of the light is distributed downward, 
and the remainder is distributed upward. 

Types of Lamps. Incandescent lamps are the most familiar type of 
light bulb. No special equipment is required for their use. The prin- 
cipal precaution in the purchase of incandescent lamps is to obtain 
them in the right size and wattage for the equipment in which they 
are to be used. If the lamp is too large, it may extend beyond the re- 
flector and cause glare. If it is too small, a large percentage of the 
light may be trapped within the reflector, with a resulting loss of 
efficiency. 

The mercury vapor lamp consists of a long tube in which mercury 
is vaporized, similar to the familiar fluorescent lamp. When first intro-^ 
duced, it achieved great popularity; but it was partly supplanted faflpl 
other forms of lighting because it was deficient in red rays and 
not make possible accurate color discrimination. This deficiency$wl§£: 
been corrected, at least in part, and mercury vapor lamps have incixasfif- 
in popularity, particularly for outside lighting and for inside ap$it£a- 
tions where high mounting heights are necessary. 

The operation of fluorescent lamps requires the use of auxiliary 
equipment to regulate the electric current and to make possible the 
operation of the lamps at low voltage. Lamps vary in length from 6 
inches to 60 inches. The color of the light produced by fluorescent 
lamps is determined by the color of powders inside the tube. The col- 
ors commonly used are white and shades^pf off-white resembling the! 
color of daylight. 

Various types of reflectors are available for fluorescent lighting, 
and the reflectors may be arranged and installed in various positions. . 
In some cases, the reflectors are recessed in the "ceiling. This arra ^^ e*.'- ~ ; 
ment is particularly desirable in offices 1 because the reflectors d 
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collect dust, and the general appearance is pleasing. Light is more 
generally diffused because of the gjeater distance from the fixture to 
the floor, but a greater intensity at the light source may be necessary. 
However, installation at the ceiling height may be impossible because 
of the nature of the ceiling construction and the interference of pipes 
and other service connections. In such cases, the fixtures may be sus- 
pended by chain or other type of hanger. The reflectors may be solid, 
or they may contain apertures to permit the circulation of air for cool- 
ing and also the lighting of the surface of the ceiling. 

Maintenance of a Lighting System. A system that is efficient at 
the time it is installed will gradually become inefficient because dirt 
collects on the reflectors, lamps, ceilings, and walls, and the light out- 
put of the lamps decreases. Maintenance is likely to be neglected unless 
a regular maintenance schedule is established. The need for mainte- 
nance should be tested by a light meter. If the illumination is no more 
than 75 per cent of the required standard, the equipment should be 
cleaned and perhaps the bulbs replaced. 

In the replacing of lamp bulbs, a practice known as group relamp- 
ing may make possible substantial savings. Under this plan, all of the 
lamps in an office, shop, or other area are replaced at the same time 
after a predetermined period of use. At the time of replacement, only 
a few of the lamps will have burned out but many of them will be giv- 
ing less light than new lamps. The principal advantages of this plan 
are lower labor cost and proper maintenance of the efficiency of the 
lighting system. 


USE OF COLOR 

Workplaces were formerly dull, uninteresting, and lacking in color. 
The first change occurred when machines were painted gray instead of 
black and the walls were painted cream. Recently, color has been used 
in the workplace, with machinery painted medium green and other 
parts of the workplace painted yellow, orange, red, or blue. The use of 
color is promoted not only by manufacturers of paint but also by con- 
. sultants in management. The object in using color at the workplace is 
to induce clear, three-dimensional seeing instead of the dull, flat effect 
produced by use of one or two dull, dark colors. Better color schemes 
.have three definite purposes: they provide (1) better visibility because 
of contrast, (2) color conditions that are not too harsh for continuous 
comfortable seeing, and (3) color conditions that are pleasant and easy 
■4>lhe with. 



258 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


Some Effects of Color. The color scheme should be planned in re- 
lation to the lighting system. Some colors reflect light, and others absorb 
light. White reflects the most light. Light gray and yellow also reflect 
a substantial amount. Black reflects the least, but the reflection from 
dark blue or red is also small. The amount of reflection is affected by 
the height of the ceiling, the size and shape of the working area, and 
the direction of the exposure to sunlight . 2 

The colors that are used overhead should be a neutral gray or 
perhaps white to reflect the light. A darker hue in the ceiling is objec- 
tionable because it would attract the eye to overhead pipes and girders, 
which are unsightly. The colors within the field of vision should not 
offer severe contrasts. If some of the colors used at the workplace reflect 
light while others quench it, the effect is similar to glare and causes 
eyestrain and physical discomfort. The color of the walls and ma- 
chinery should be planned to avoid such contrasts. The color of ma- 
terials used should be considered in choosing the colors of machinery 
and walls. For ease in distinguishing the details of the work, the color 
of the machine should complement the color of the material rather 
than blend with it. 

Blue tends to attract the eye and a background of blue behind the 
work will aid the worker in concentrating his attention upon the task. 
Medium green is a favorite color for machinery, and slowly moving 
parts of machinery are often painted buff. Bins, racks, and shelving 
are painted a neutral color because they are unimportant and should 
not attract attention. aH M 

Color has a desirable effect upon the attitudes of employees an djyi 
satisfactions which they derive from their work, provided that 
are not used to excess and the scheme is carefully planned. Altho'.^pB 
persons differ greatly in their color preferences, some effects of cotat 
upon individuals are almost universal. Some colors, such as the shades 
of blue and violet, are cold and tend to have a subdued or even de- 
pressing effect. Other colors, such as the shades of red and orange, are 
relatively exciting in their effect, while yellow has a cheerful influence. 
Greens are usually regarded as tranquil. While these influences are 
weak in comparison with such forces as hunger or pain, their effects 
should not be disregarded. 

A motley array of color may give the effect of clutter and confusion. 
For example, if machines are installed in a variety of colors as they 
are received from the manufacturer, some of which are bright, and 
some subdued, and if alongside the new machines are old ones 

•For example, see Color in Industry , published bf 1 U.S. Gutta Percha Paint 
and Color Dynamics, published by Pittsburgh 5#ate Glass Company. 
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gray or black, the effect is certain to be disturbing. A consistent and 
well-planned color scheme has been found to improve worker attitudes, 
to encourage better housekeeping, and to result in better care of ma- 
chines. When a color plan has been tried in one department, workers 
in other departments frequently ask that the plan be extended to their 
surroundings. 

Increasing attention is being given to the use of color in offices, and 
more than one color is frequently used in the same room. For example, 
if the natural light is excessive, the wall opposite the windows may be 
painted in a color that will absorb light rather than reflect it. It is 
desirable that the wall in front of the desks be soft in color to relieve 
the strain upon eyes raised from paper work. The color should be so 
planned that the wall in the line of vision of an interviewer will have a 
restful rather than a glaring effect. On the other hand, the window wall 
may be painted a color that will reflect light since the wall on the 
window side is usually the darkest in the room and contrasts sharply 
with the windows. Likewise, the wall behind the desks may be painted 
a color that reflects light rather than absorbs it. If the ceiling is marred 
by pipes, ducts, or beams, the color of the ceiling may be planned to 
reduce the glare that might be caused by shadows. These suggestions are 
not intended as a comprehensive discussion of the planning of color but 
are given to indicate some of the factors that should be considered. 

An excessive use of color will cause fatigue because the eyes become 
tired of a continuous display. Some colors cause discomfort much 

C ner than others. Visual efficiency is decreased if a large mass of 
)r is constantly within the field of vision, though the loss of effi- 
Jty varies with distance. Bluish green causes the greatest loss of 
v 'KSffidency, while yellow is least fatiguing. The color scheme should be 
- planned to reduce fatigue and to prevent light absorption, color con- 
" trasits, and distracting effects. The planning of color schemes is a 
problem which requires the services of a specialist. Advice on the use 
of color may be obtained from representatives of paint manufacturers 
or from management consultants. 

Odor for Safety. Any planning for color in relation to worker com- 
iort and efficiency should also make provision for standard safety colors 
■?*, as recommended by the American Standards Association. In this color 
'i Code, vivid red is prescribed for fire protection equipment and appara- 
iz: tus, danger signals, and stop signs. Vivid orange is recommended for 
-'designating dangerous parts of machines that may cut, crush, or shock. 
; . Otspnge is also used to emphasize such hazards as open enclosure doors 
C vOfjBcposed and unguarded gioving equipment. Vivid yellow stripes are 
‘ ^ttcommended for designating caution against hazards which may cause 
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stumbling, falling, or tripping. Brilliant green is recommended for 
designating safety and first-aid equipment. Strong blue is used to indi- 
cate the need for warning against moving equipment that is being re- 
paired or worked on. Vivid reddish purple is used to designate radia- 
tion hazards, such as X ray. Black and white in certain combinations 
designate traffic and housekeeping markings. Although the colors used 
in the safety code are vivid or brilliant, they do not necessarily dom- 
inate the field of vision because they do not always emphasize objects 

that are of large size.® \ 

\ 

QUESTIONS 

1. It has been said that in the Hawthorne experiments management spent 
thousands of dollars to learn that workers are human. Is this a fair statement? 

2. Can good lighting be justified on other grounds than an expected increase 
in production? 

3. Why was the control group ineffective in measuring the exact effects of 
better lighting in the Hawthorne experiments? 

4. Because of the possibility of glare from natural light and the loss of 
heat through the windows in the wintertime, some companies have constructed 
buildings without windows. Can such buildings be desirable if workers seriously 
object? Why might workers object to solid walls without windows? 

5. A company installed a new lighting system ; and during the next six months, 
output increased, rejects decreased, and absenteeism was' less. What conclusion 
may properly be drawn from the results ? 

6. Explain how the following are related to the effective use of natural light: 
plant location, height of building, type of roof, and painting of walls inside the 
plant. 

7. Explain the relation of the following to the use of color: amount of light 
required at the workplace, color of the materials, temperature of the workplace, 
and accident hazards. 

8. Explain the relation of the following to the control of glare: glass top for 
a desk, type of material, location of the workplace and windows, nearness of 
adjacent buildings. 

9. Compare colors for painting the walls of the workplace with color of walls 
in the cafeteria or restroom. 


CASES 

26. MAINTENANCE OF LIGHTING SYSTEM 

A company installed a new lighting system in an office to provide illumination 
i of 400 foot-candles, which was the amount of light recommended by the Illumi* 

* The color code was announced in February, 1954. Factory Management and Mainte- 
nance, Vol. CXII, No. 3 (1954), p. 113. 



WORKING CONDITIONS: LIGHT AND COLOR 


261 


nating Engineering Society for the type of work done in the office. Eighteen 
months later, a representative of an electrical manufacturer who happened to call 
checked the illumination with a light meter and found that the illumination was 
only 330 foot-candles. This amount was considered inadequate, but the decrease 
in illumination had not been noticed by the office manager because it had occurred 
gradually. An inspection for the causes disclosed that the reflecting surfaces of 
walls and ceilings had become darkened by dust and smoke. Dirt and the bodies 
of insects had accumulated on the light fixtures. The glass in many of the light 
bulbs was found to be darkened. After the walls had been repainted, the fixtures 
cleaned and darkened light bulbs replaced, the efficiency of the lighting system 
was restored to normal. 

Questions: 

1. If the decrease in light had not been noticed, would the efficiency of the 
office force have been affected ? 

2. What should be done to prevent a recurrence of the deterioration of the 
lighting system? 


27. USE OF COLOR IN THE PLANT 

A manufacturer of storage batteries employs about one thousand workers, of 
whom 75 per cent are women. The company has painted each machine a differ- 
ent color in order to please the workers. Colors used are various shades of red, 
orange, and green. The machines have also been rearranged to permit each 
worker to have a clear view of all machines in the department in which she 
works. Protruding parts of machines and piping which constitute accident hazards 
have been painted different colors according to the generally accepted color code 
used in the industry. The walls have also been painted in a variety of colors. 
Lower walls are pastel green, upper walls are yellow, and roof girders are a 
lighter yellow. 

After six months of experience with the color scheme, the management reports 
that production has increased 20 per cent. Visits to the plant dispensary for treat- 
ment of headaches and nausea have decreased substantially. 

Questions: 

1. Can the company safely conclude that the color scheme is the cause of the 
increased production and decreased illnesses? 

2. Is any significance to be given to the fact that 75 per cent of the employees 
are women? 



CHAPTER 


14 Working 

Conditions: Air, Noise, 

. * ' 

Music, Monotony 

In addition to light and color at the workplace, the pro- 
vision of good working conditions requires attention to air condition- 
ing, the elimination or reduction of noise in some cases, and various 
other aspects of the work. If the work is demanding of physical or 
nervous energy, rest periods may be desirable. If the work is necessarily 
monotonous, the broadcasting of music may be desirable or other meas- 
ures may be taken by the management. These phases of working con- 
ditions will be considered in the present chapter. 

AIR CONDITIONING 

The most common phase of air conditioning is control of temperature, 
which may require either the cooling or the warming of the air. How- 
ever, the conditioning of the air for purposes of providing good working 
conditions includes also the control of humidity, which might require 
that moisture be added to the air or removed from it. Other aspects of 
air conditioning include smoke and dust removal and the removal of 
air that is overheated or that contains injurious gases or funjes. 

Temperature. An ideal condition would exist if, irrespective of the 
weather, workers were not distracted by the temperature of the air and 
the quality of their production were not impaired because they felt too, 
hot or too cold. Room temperatures should not be so low as to require 
the wearing of sweaters or other garments which hamper the freedom 
of movement; and they should not be so high as to create a feeling:#! 
oppressiveness. , • ■- 
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The ideal temperature for all persons seldom prevails. People differ 
as to their desires and possibly as to their needs, although each person 
has a comfort zone. Differences may be due to the amount of clothing 
worn, health, age, sex, and possibly race. People who are engaged in 
different kinds of work require different temperatures. Persons doing 
clerical work require a higher temperature than those engaged in more 
active work. 

Air may be warmed by steam radiators, hot air, or steampipes along 
the walls. In a small room, radiators should be placed under windows 
because they can warm the air as it enters the room. The principal dis- 
advantage of this position is that the space next to the windows becomes 
unavailable as a workplace. In a large room, small unit heaters are often 
placed overhead. Such heaters are equipped with fans to provide for 
the circulation of air. 

Radiant heating is a system of heating the wall and floor surfaces 
instead of heating the air. Coils for steam or hot water are placed in 
the walls, floors, and ceilings. Advocates of this system contend that, 
since the radiant heat passes through the air without disturbing it me- 
chanically, alternate strata of warm and cold air are eliminated. No 
dependence is placed upon the circulation of air to warm it. The result 
is that air temperatures are almost uniform and remain at about the 
average temperatures of the walls and floors. Consequently, the temper- 
ature can be kept five to ten degrees lower than in rooms heated in the 
conventional manner. The system cannot be changed after the building 
has been constructed, but it has flexibility because the heating units are 
fftgilt in panels or units which are separately controlled. Partitions be- 
rooms can be changed, and the units in parts of the building not 
requiring large amounts of heat can be separately controlled. 

; Ain interesting application of the principle of radiant heating is its use 
for melting snow on outside loading areas in winter. Pipes are enclosed 
in the concrete when it is poured. The pipes, which are filled with an 
antifreeze solution, are connected with the heating system. When snow 
begins to fall, the system is turned on and the snow is melted as it falls 
on the warm concrete. After the snowfall has ceased, the system is 
turned off and is not used again until the next snowfall. The pipes are 
not drained in summer and do not require refilling in winter. The same 
System has been used to clear runways and walkways of ice and snow. 

Temperature control includes cooling the air during warm weather 
as well as heating it in winter. The usual system for cooling air operates 
by forcing it to pass over coils which contain a substance at low tem- 
perature. The principle is essentially the same as that embodied in the 
^instruction of automatic refrigerators and ice-making plants. A com- 
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pressor places pressure upon a refrigerant, such as ammonia or carbon 
dioxide. When the pressure is released by the operation of valves, the 
refrigerant vaporizes inside the lines within the refrigerating unit, cools 
rapidly, and absorbs heat from its surroundings. The refrigerant is again 
placed under pressure, and the cycle is repeated. In indirect systems the 
refrigerant cools a liquid which in turn cools the air. In direct systems 
the refrigerant cools the air. The cooling system is installed as a com- 
plete unit as it comes from the factory. 

The control of the temperature by an air-conditioning system affects 
not only workers and the amount of their production but also materials 
and equipment. Such products as pharmaceuticals, meats, and chocolate 
require cool temperatures. A manufacturer of hosiery found that bis 
maintenance costs were reduced 80 per cent after air-conditioning equip- 
ment was installed. The reason was that the knitting machines, which 
are 57 feet long with 0.002 inch clearance, expanded and contracted 
with variations in temperature, and the expansion caused jamming. 
With controlled temperatures, the machines required only occasional 
adjustment. 

Humidity. The amount of moisture in the air is closely related to 
temperature. Humidity is stated as a percentage of the capacity of the 
air to hold moisture. When air has all the moisture it can carry, the 
humidity is 100 per cent. When air cools, its capacity to hold moisture 
is decreased; and it may drop a part of the moisture as rain, dew, frost, 
or other precipitation. When air is brought inside the house and 
heated, its capacity to hold moisture increases. Consequently, air that 
was comfortable before being warmed becomes dry and uncomfortable 
after it has been heated. Moisture should therefore be added. A rela- 
tive humidity of from 60 to 70 per cent is usually considered comfort- 
able if the temperature is no more than 70 degrees. 

In some industries the amount of moisture in the air will affect 
the quality of the product. In the processing of cotton cloth, for 
example, the air must carry a substantial amount of moisture to pre- 
vent the breaking of threads. Air that carries too much moisture, 
however, will cause a swelling of the thread and may result in an 
uneven piece of cloth. The moisture content of the air is also important 
in the manufacture of paper, gelatine, and some other products. 

Moisture is removed by passing the air over a cool surface. Since 
cool air will carry less moisture than warm air, the air will drop 
some of its moisture when it has been sufficiently cooled. The principle 
is the same as that which causes moisture or frost to be deposited on 
walls or windows in the winter or dew on the grass in summer. In an- 
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other type of system, very cold water is sprayed into the air from 
which moisture is to be removed. If the temperature of the cold water 
is below the dew point of the air, the air is compelled to drop a part 
of its moisture. It may be necessary to reheat the air after the moisture 
has been removed. Other types of systems operate on the same prin- 
ciple. 

Moisture may be added to air by sprays, by steam jets, and in other 
ways. The amount of water to be added is automatically controlled by 
a humidiostat, which regulates the opening and closing of valves or 
vents. This instrument makes use of a substance which responds to 
humidity, such as human hair, certain types of wood, or paper. 

Smoke and Dirt Removal. The problem of purification of the air 
by the removal of smoke, dust, gases, and objectionable odors presents 
two aspects. One phase of the problem pertains to the purification of 
air within the plant for the protection of workers, materials, machinery 
and equipment, and the building itself. The other phase relates to the 
protection of people and property outside the plant against the effects 
of smoke, dirt, and gases that may be released unless proper precautions 
are taken. In many cities, the protection of the people against what has 
come to be called "smog” or "smaze” has become a difficult problem re- 
quiring the co-operation of public authorities, apartment and home- 
owners, and the managements of private enterprise. However, the fault 
should not be attributed entirely to business establishments since private 
automobiles and trucks are responsible for much of the air pollution . 1 

Each manufacturing plant may have some departments that cause 
dust. Organic particles are generated in the processing of rugs, flour, 
cotton, and woolen products. Inorganic particles are disseminated in 
the processing of metals, stone, and certain chemicals such as arsenic 
and mercury. All of these substances may be injurious to health if ex- 
posure is continued for long periods of time. 

Cleanliness of the air is sometimes necessary to the making of a 
quality product. Painting and enameling can be done only in rooms 
that are free of dust. Examples of products to which such finishes are 
applied are refrigerators, washing machines, and automobile bodies. 
A company making spray-painted instrument panels reduced its rejects 
by two thirds by air conditioning the finishing room. Dust from a 
tennis court in an areaway adjacent to a machine shop has been known 
to double the cost of maintenance of machine tools. 

In the filtering of air, the early air-conditioning systems used a 

’George A. Boehm, "The Noisome Problem of Car Fumes,” Fortune, Vol. LXI, No. 1 
<*960), pp. 112 £F. 
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piece of coarse doth as the filter material. The partides of dirt adhered 
to the cloth as the air passed through it. The cloth proved to be an in- 
efficient material, however, since it was not easily cleaned and offered 
resistance to the movement of the air. Filters now are made of spun 
glass, vegetable fiber, or some type of metal fiber such as steel wool 
When the filters are dirty, they may be discarded, cleaned, or renewed 
by replacing one or more of the layers. Washable filters are cleaned by 
dipping them in a bath of specially prepared liquid. The'fluid washes 



Courtesy of Owens-Coming Fiber glas Corp . 

FIG. 30. Installation of Air Filters in a Flat Bank 

the filter and coats it with a substance which causes dust particles to ad- 
here to it when it is put back into use. In some systems the filter is 
automatically cleaned and replaced. An instrument which is actuated by 
the resistance of the filters to the flow of air causes the filters to be dipped 
into a bath when air resistance has increased to a certain point. The 
filters are automatically returned to the proper position. Some air-con- 
ditioning systems provide for washing the air to remove dust, dirt, al- 
lergy-producing pollens, and disease germs. Figure 30 shows how 
filters may be installed in a flat bank. . 
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Air-conditioning systems may be local or central. In local systems 
a separate control and air-conditioning unit is provided for each room 
or other area. This system permits conditions to be varied according 
to the requirements of different departments. In central control systems, 
one unit regulates conditions throughout the whole building. Some 
systems control all phases of air conditioning; others are designed to 
control only one feature, such as heating, humidifying, or dust re- 
moval. 

The protection of the community against air pollution by manu- 
facturing processes does not permit of an easy solution. The manage- 
ment may not even realize that the plant is responsible for air pollution 
since fumes and smoke from many plants, the traffic on streets and 
highways, apartments, and other sources are intermingled. The extent 
of the pollution by any one plant varies with the kinds of dirt emitted, 
the height at which the fumes are released, the temperature of the dis- 
charge, the distance of the plant from residences or other buildings, the 
topography of the land, the climate, and the weather. Usually a plant 
does not produce enough smoke or other pollution to mark it as the 
offender. Each plant merely contributes to the objectionable conditions . 2 

Various methods are used to remove or counteract objectionable 
gases. Gaseous substances may be absorbed by water sprays that contain 
a chemical to improve collection. Several types of filters are available 
for removing dust, ash, or metal substances. The type of filter depends 
upon the size of the particles, the temperature, and the possible cor- 
rosive effect of the gases. Some dust collectors whirl the air or gases and 
cause particles to be thrown out by centrifugal force. Many technical 
cjiipcieties and industry committees are prepared to supply information as 
;fo methods that are effective in any given situation 8 . Each case requires 
special study. 

Movement of Air. The movement of air is related to both tempera- 
ture and h umi dity, for it is associated with the control of body tem- 
perature. If air is kept moving, the temperature and humidity may 
be increased somewhat without causing discomfort. Experiments have 
shown that people cannot endure high temperatures unless the air is 
kept in motion. However, if the air is cool and relative humidity is 
high, the circulation of the air may have undesirable effects upon the 
health of workers. 


* "Garbage in the Sky,” Fortune, Vol. LI, No. 4 (1955), pp. 142 S. 

. , ’ See L. L. Falk, "Air Pollution— a Big Problem Today," Factory Management and Main- 

tenance, Vol. CXII, No. 8 (1955), pp. 98-104. This article gives a list of agencies that 
«Cfl& render technical advice on air pollution. 
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In many cases, no especial attention to the movement of air is re. 
quired because sufficent movement is caused by differences in temper- 
atures or pressures or by the movement of trucks and other equipment. 
Fans to move the air are sometimes used when heat is generated by 
manufacturing operations or heated materials require slow cooling. 
Figure 31 shows six uses of propeller fans for removing warm air or 




air that has become contaminated by spray painting or fumes from 
tanks of chemicals. These illustrations do not require extended ex- 
planation. 

Some protection against overheating in exposed locations may be 
provided by placing a shield of heat-reflective material between the 
source of heat and workers or equipment that would otherwise be 
exposed. The shielding materials, which are made of aluminum, coated 
steel, or nickel, reflect a major portion of the heat and absorb very little 
of it. To be effective, the shields should intercept all straight-line paths 
between the source of the heat and the persons, equipment, or materials 
requiring protection, and they should not have physical contact with 
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the source of the heat. Since the heat that is reflected back to the source 
will increase the temperature in that area, provision should be made 
for removal of the overheated air. 

Relation to Building Construction. For satisfactory air condition- 
ing, certain features should be incorporated in building construction. 
Unless the building is well constructed, air-conditioning costs will be 
excessive. Roof decks, as well as walls, may be insulated to prevent loss 
of heat in winter and to offer protection from outside temperatures in 
summer. Double window sash is necessary in cold climates. 

Windowless factories are designed for complete control of both 
lighting and air conditioning. The windowless factory is the opposite 
extreme of the daylight factory. It eliminates all reliance upon natural 
light with its varying intensities and affords a complete control of light- 
ing conditions through proper artificial lighting. Since no window space 
is provided, all air is forced into areas inside the building through the 
air-conditioning system. Although some air may be admitted from the 
outside, the air within the building is continuously rewashed and reuti- 
lized. Heating costs are reduced because no heated air is lost around the 
window sash, and little is lost through radiation. Windowless buildings 
have been proved to be entirely practical. Their use depends upon 
their first cost, the psychological effect upon the workers, and the 
nature of the manufacturing processes. 

NOISE 

Formerly, machine designers were inclined to build machines with 
primary regard for their operating efficiency and with little consider- 
ation to quietness of operation. For a number of reasons, however, 
management has been compelled to study ways of eliminating, reducing, 
or isolating objectionable sounds. In some states, the courts have held 
that under workmen’s compensation laws, a worker is entitled to pay- 
ment for a partial loss of hearing that has been caused by exposure to 
noise. The worker is not required to prove that the damage to his 
hearing was caused by a single work accident or that he lost any wages 
as a result of his impairment of hearing. Partial damage resulting from 
a noisy environment may afford sufficient legal basis for an award. 
Since many persons suffer some impairment of hearing as they grow 
older, the employer may be compelled to pay many doubtful claims if 
he permits the work environment to become too noisy . 4 

■ * See Albert E. Bachmann, "Quiet Please,” Harvard Business Review, Vol. XXXIII, No. 
3 (1955), pp. 68-74. 
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Nature of Noise. Properties of noise that can be measured are 
frequency and pressure of intensity. 5 In industrial operations, noises 
are either steady or fluctuating. Steady noises are classified as wide band 
(low pitch) or narrow band (high pitch) . Wide-band noises may be 
produced by a ventilating fan, an air conditioner, or a conveyor. 
Narrow-band noises might be produced by a saw, a lathe, or possibly 
the movement of air at high speed through a narrow opening. Fluctuat- 
ing noises may result from a single impact or a series of impacts. 
Single-impact noise may be caused by a hammer or a punch press, while 
repeated-impact noise may be caused by a riveting gun or a pneumatic 
drill. The intensity of steady noise is easily 'measured by means of a 
noise meter. Fluctuating noise is more difficult to measure and nriay 
require special types of measuring devices. If the noise intensity as 
stated in decibels is less than 85, the hearing is not likely to be im- 
paired. Examples of low intensities are the rustle of leaves, 20; office 
work, 50; average conversation, 60; and the average factory, 75. A 
punch press measures 1 10 and a rock drill 1 30.® 

Effect of Noise. The relation of noise to worker efficiency is not 
easily determined. Tests have shown in some cases that the installation 
of acoustical materials in walls and ceiling has been followed by in- 
creased production, improvement in quality, a reduction in absences, 
and a decrease in labor turnover. However, these improvements may 
have resulted from a more favorable attitude and a feeling that the 
workers have been given special attention. Certainly noise interferes 
with production if it is so loud as to prevent easy communication or 
if it creates an accident hazard by interfering with the worker’s ability 
to hear warning signals or to recognize changes in the operation of 
machinery. 

The improvement that follows noise control is explained on bio- 
logical grounds. Noise is most objectionable if it is loud and intermit- 
tent. However, continuous noise has undesirable effects upon the body 
functions and particularly upon the nervous system. It is believed to 
interfere with the regular rhythm of the heart, to increase the pulse 
rate, to cause transient changes in the blood pressure, and to disturb 
the proper functioning of the digestive system. In an effort to absorb 
the strain of the noise the nervous system uses energy in setting up 
inhibitions, and the muscles become tense. The result is nervous and 
physical exhaustion. 

Continuous low noises may not be harmful, and many authorities 

* A good discussion of the problem of noise may be found in "Industrial Noise," Factory 
Management and Maintenance , Vol, CXI, No. 12 (1953), pp. 113-36. 

•Ibid., p. 118. 
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contend that workers may become adjusted to these noises within a 
few days. Upon first exposure to noisy conditions, oxygen consumption 
and muscular activity increase. But after a few days, nervous excitement 
decreases; and the reactions gradually return to the level maintained 
during quiet conditions. The worker ceases to be distracted by noise 
when he accepts it as a background. He may even do better work if the 
noise is no more than a general hum of low intensity. However, if the 
sound is meaningful, as it would be in a radio program, or if it is loud 
or intermittent, it adversely affects work. 

Another reason for attention to noise control is the matter of com- 
munity relations. Persons living near the plant may be disturbed by 
noises inside the plant or on loading platforms. The objections are in- 
tensified by noises during the night hours, partly because people expect 
quiet at that time and partly because traffic and other noises during the 
day tend to make factory noise less noticeable. 

Control of Noise. Noise may be reduced, isolated, or absorbed. It 
may be reduced by lubrication and oiling of machinery and by adjust- 
ment to eliminate vibration. The foundations of machinery may be 
built to absorb noises instead of transmitting them. In some cases the 
departments which are responsible for the noise may be segregated 
by moving or enclosing them. The most effective step for the absorp- 
tion of noise is to cover the underside of the roof or ceiling with perf- 
orated material. The walls are made to absorb sound by using an inner 
layer of porous masonry material or by lining them with a material 
which has sound-absorbent qualities. 

MUSIC AND BROADCASTING SYSTEMS 

Workers have long been known to sing at their work and to work in 
harmony with the rhythm. One of the first companies to provide music 
for workers was Westinghouse Electric Corporation. The company is 
said to have discovered by accident, while testing radios, that the 
workers appreciated music on the job. A public address system was 
then installed to provide sound broadcasting for all work areas. 

The effect of music at the workplace cannot be easily determined. 
Some studies have indicated that music may reduce absenteeism, 
tardiness, and labor turnover. However, the effect upon these aspects of 
employee behavior in many cases is negligible. With office workers and 
perhaps factory workers also, background music has been found to 
cause substantial increases in productivity and significant decreases in 
the n umber of errors . 7 

* * * "More on Music,** factory Management and Maintenance, Vol. CXVI, No. 6 (1958), 

U7. 
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Although some companies broadcast music continuously throughout 
the day, many observers believe that music should be played only inter- 
mittently and should be planned principally to break monotony. If it 
is played continuously, workers may tire of it; and it may have a 
deleterious effect. Lively tunes may be played for a few minutes in the 
morning to aid the workers in falling into the tempo of the work. 
After an interval of music the broadcasts may be resumed in the middle 
of the morning to break the monotony. When familiar tunes are 
played, workers may whistle the tune or sing. It seems best to play 
music which the workers readily recognize and which has a sustained 
melody. The volume should be constant. Otitlets should be provided 
at each area and perhaps at each workplace, and they should be so 
constructed that the workers cannot regulate the volume. 

Some companies purchase the flow of music from outside service 
companies, and others provide their own music from a library of 
records or from borrowed records. Workers may be permitted to suggest 
some of the records, and selections not requested should also be played 
to prevent the music from becoming monotonous. The program will 
depend in part upon the weather and the age and sex of the workers. 
The broadcasting of music also depends upon the size of the plant, the 
noise, and the monotony of the work. However, noise does not preclude 
the broadcasting of music, since the broadcasts are on a different 
pitch. 

The broadcasting system may be used to bring the management 
closer to the workers. It gives the management an opportunity to build 
up group solidarity and to show an appreciation of the accomplish- 
ments of foremen and workers. Broadcasts may relate human interest 
stories, departmental safety or production records, years of service of 
older employees, birthdays and wedding anniversaries, births, and 
other personal events. The system may be used to announce athletic 
events, plant parties, rehearsals, and band concerts. Some companies 
use it to make announcements at any time of day when they have 
something important to tell the workers. Others make announcements 
only at fixed times, such as the beginning of the workday, at lunch, or 
during rest periods. 


MONOTONY 

Much has been said concerning monotony in industrial occupations. 
A well-known feature of modern industry is the subdivision of tasks 
into small repetitive operations. Some observers believe that the simpli- 
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fication of tasks has proceeded so far that the effect of monotony upon 
the work has offset a large part of the gains to society from mechaniza- 
tion and increased production. 

Nature of Monotonous Tasks. , In some kinds of work, the series 
of motions required to perform a task is short, and the same work cycle is 
continuously repeated. The tendency in industry is to subdivide the 
tasks and to limit the worker to the performance of only one work 
cycle, or a very few types of cycles. The worker repeats day after day a 
series of motions which may require only a few minutes and possibly 
no more than a minute to complete. In many cases the cycle may 
be quickly learned and may require little initiative, skill, or imag- 
ination. 

In the fabricating departments of any plant, much automatic equip- 
ment has been so highly developed that the worker has only to see that 
the machine is kept supplied with material and is in proper operating 
condition. In operating semiautomatic machines, the worker merely in- 
serts the materials and removes the finished work. Other semiautomatic 
machines require the worker to see that the device which holds the ma- 
terial is properly cleared at the end of each work cycle, that the next 
piece is properly seated and locked in position, and that cutting tools 
are working properly. This work requires attention, care, and a feeling 
of responsibility on the part of the worker; but it does not require a 
wide range of skill. Although much of the work is classed as semi- 
skilled, it is monotonous. 

In mass-production industries, the product moves past the worker in 
a continuous line and he merely puts on a part, paints, polishes, in- 
spects, corrects defects, or performs some other such operation. The 
work is ma chi ne paced, and the worker adapts his pace to the flow 
of work. Examples may be found in such industries as automobiles, 
metal containers, glass bottles, and certain operations for the filling of 
containers with sugar or soap. Work of this kind is characterized by 
repetitiveness, a minute subdivision of the work cycle, a minimum re- 
quirement of skill, and a requirement of surface mental attention as 
contrasted with mental attention in depth. Jobs on a production line 
are much more likely to be monotonous and tiresome than work at 
manually operated machines where the worker can set his own pace, 
subject to a measure of control through work standards and incentive 
wage rates. 

When the production process is fully automated, the worker may 
become a machine tender or monitor. He is required to watch the 
Operation and to remain alert, but he needs to take action only infre- 
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quently. The nature of the work may permit job enlargement through 
die assignment of a variety of operations to one worker. This arrange- 
ment may give the worker an added feeling of importance because he 
is assigned the responsibility for the continuous operation of a complex 
and expensive machine. Many workers may feel that the work of 
starting and stopping machines or watching for warning lights does 
not provide continuous interest and challenge. 

Worker Attitudes toward Monotony. Workers differ consider- 
ably in their attitudes toward monotonous tasks. Some prefer a variety 
of motions and soon tire of work that is repetitive. Young men who 
are anxious to advance in their positions dislike repetitive tasks be- 
cause they soon learn the routine and they do not regard the work, as 
a promising means of advancement. Some men would prefer to halve 
jobs that do not make heavy mental demands upon them. If a young 
woman regards her employment as temporary, she may prefer a 
routine task because she soon learns to do the work. She is not required 
to put much effort into it. If the woman regards her employment 
as permanent, her attitude may be the same as that of the ambitious 
young man. Insofar as possible, a worker should be placed in work that 
he prefers and that is suited to his mentality. 

Some workers may prefer a repetitive task because the demands 
of the work from one day to another are uniform. Frustrating and 
irritating delays are eliminated by the certainty of the assembly line. 
Furthermore, the worker on a line is a part of a group whose work- 
places are close together, and he may be able to talk with his associates 
as he works. 

Since the work makes few demands upon the mental capacities of 
the worker, he can think about other things. By offering rewards for 
constructive suggestions, management may encourage the worker to 
think about ways of improving the methods of work, eliminating waste 
motions, or bettering the layout. However, the number of workers that 
are motivated to make suggestions is not large. In some cases, the 
worker may think about the pleasant aspects of his work, or he may 
allow his mind to dwell upon his personal problems at home or at 
work* He may develop an attitude that causes him to become mal- 
adjusted or dissatisfied. This attitude may be improved by proper 
association with other workers in what has come to be called "informal 
organization.'' Monotony is a factor in such management programs as 
plant athletics, entertainment, and musical broadcasts. 

* Charles R. Walker and Robert H. Guest, The Man on the Assembly Line (Cambridge. 

Mass.: Harvard University Press, 1952), p. 12. Also Arthur N. Turner, "Management and 
the Assembly Line,** Harvard Business Review, Vol. XXXIII, No. 5 (1955), pp. 40-48. 
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Reducing the Effect of Monotony. One way to lessen the effect of 
monotony is to supply the work in batches rather than in a continuous 
stream. When the worker has finished a batch of material, he has a 
feeling of accomplishment — he cap see how much work he has done. 
Production is increased, possibly because his interest is stimulated as he 
nears the end of a batch. When work is supplied in a continuous and 
endless line, a feeling of helplessness may be created. 

The worker may assume a more wholesome attitude if he is shown 
the relation of his work to the entire production process. The service 
rendered by the product to the consumer should also be demonstrated. 
An explanation of the usefulness of the product to consumers and the 
relation of each task to the total manufacturing operations may be made 
a part of the induction procedure. 

Another possibility is to break the monotony by rest pauses and the 
development of an interest in social and recreational activities. Shifting 
workers to other jobs is also a possibility, although this measure has 
limited application. Some companies permit certain workers to shift 
to three or four positions each day. For example, workers who inspect 
and pack glass jars for shipping may be shifted to work stations that 
enable them to handle several sizes and shapes of jars. In other cases 
a plan of rotation at longer intervals may be followed. In any such 
plan, however, productivity may be lowered because a period of adjust- 
ment is required when a shift is made. Labor unions use the monotony 
of work as an argument for a shorter work day or work week in order 
that a worker may develop an interest in outside activities. 

Some companies have found that the best solution to the problem of 
monotony is to increase the length of the work cycle, although the 
trend has long been in the opposite direction. The work cycle might 
be lengthened, for example, by allowing the worker to set up the 
machine for new operations, to adjust the machine, and to inspect the 
work subject to a random inspection by a professional inspector. An- 
other possibility is the establishment of work centers where a few 
workers may perform all of the operations necessary to the manufacture 
of the product. Such changes may result in a loss of efficiency, although 
the loss may be compensated by other advantages. The problem has no 
universal solution but requires study in different situations. 

In many industries, monotonous work has been reduced by the de- 
velopment of fully automatic machines or automation to perform cer- 
tain types of operations. A machine can be perfected to do almost any 
of repetitive operation provided that the work is done in sufficient 
illume to justify the cost. Monotonous repetitive tasks offer the 
"greatest opportunity for savings through mechanization. 
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FATIGUE 

Fatigue is the effect of physical activity upon the mind and body 
of an individual which is reflected in a decreased capacity for work. 
It is closely related to the creation of certain chemical products in the 
body as the by-products of muscular and mental activity. The principal 
chemical wastes are carbon dioxide and acids. Some are known only as 
fatigue poisons or toxins. The effects of fatigue, however, are not con- 
fined to the muscles but reach the various parts of the nervous system. 

Nature of Fatigue. Fatigue is both mental and physical. It is partly 
the result of muscular activity, and it is also effected by mental attitude. 
Some experiments indicate that attitude is the dominant factor. If the 
worker likes his supervisor and trusts him, he may be relieved of 
anxiety and nervous tension. The result is that he can do a greater 
amount of work before he begins to notice a feeling of fatigue. A 
worker who is anxious about his job and who is afraid of his boss will 
use up more nervous energy than the one who is properly adjusted. 

The effects of fatigue are reflected in many aspects of the work situa- 
tion. The experiments of Taylor, Gilbreth, and others indicate that fa- 
tigue is a cause of decreased hourly and daily output. It also increases 
turnover because workers hope to find less tiring work in a new job. 
Absenteeism will be increased because workers who feel that their jobs 
require too much physical or mental effort will find excuses for staying 
away from work. Spoilage is increased because tired workers are ineffi- 
cient or indifferent. Fatigue is a factor in accident rates because tired 
workers are slower to react to danger. Slowness of reaction may be 
either physical or mental. 

Fatigue is affected by all the conditions of work, including the oper- 
ation of laborsaving machinery and particularly materials-handling 
equipment. Such work conditions as lighting, air conditioning, the use 
of color, noise, music and other broadcasts, and monotony of work have 
a bearing upon the problem. Still other factors are the nervous demands 
of the job, such as uncertainties and irregularities in the flow of work 
and interruptions due to breakdowns of machinery, poor quality of 
materials, accidents, and other causes. 

Reducing Fatigue. One way to reduce fatigue is to design machin- 
ery for the purpose of reducing the physical and mental demands upon 
die worker. The machine may be made to do the lifting and the mov- 
ing of materials as well as the processing. Comfort for the operator 
may be increased by providing toe room for a worker who must stand 
and leg room for one who must sit and by placing controls in the 
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places that are easy to reach. The design of the seat and the location 
of controls in cranes, airplanes, and automobiles will affect both 
fatigue and the safety of operation. A study of machine design sug- 
gests that machines have too often been planned for engineering effi- 
ciency and that comfort and safety features have sometimes been 
neglected. These problems are being given more careful study. 

QUESTIONS 

1. Why is slight movement of the air desirable? Why is strong movement 
objectionable? 

2. Why do some people consider that fresh air is desirable? Is freshness 
a necessary quality of good air? 

3. Explain the advantages of radiant heating. Does this method have any 
disadvantages ? 

4. Under certain conditions, moisture collects on walls and windows because 
of differences in temperature. Why is such condensation objectionable? 

5. Should employee attitudes and comfort be considered in planning a build- 
ing, or is the building plan strictly an engineering problem? 

6. Should musical broadcasts be planned for the purpose of relieving the 
monotony of the work, or are they intended to help the worker to work according 
to the rhythm of the music ? 

7. How do undesirable working conditions contribute to the spread of the 
common cold? 

8. What industries require controlled working conditions for the production 
of a quality product? 

9. How does the simplification of tasks help to increase production? How 
may it cause decreased production ? 

10. What can management do to minimize the effects of monotony? 

11. Should the management arrange for the continuous broadcast of music 
to please some workers when others object to the broadcasts? 


CASES 

28. AIR CONDITIONING IN A CANDY FACTORY 

The Acme Candy Company at Oakland, California, had difficulty in control- 
ling the quality of chocolate candy. In warm temperatures, such as usually re- 
quired for the comfort of workers, the candy did not become firm as quickly as 
was desired for purposes of packing and shipping. Often, the room became very 
warm because of the heat from the cooking operations. A very cold temperature 
was undesirable because the candy would take on a light color in a cold room. 

The departments of the plant for making candy included mixing, cooking, 
tooling and cutting or shaping, forming and wrapping (for taffy), nut sorting 
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and processing, and dipping (for chocolates and bonbons). No temperature 
problem arose in most of the departments because the facilities for heating the 
building were adequate, and the climate was sufficiently cool in summer. No 
equipment for cooling the air in the plant had ever been considered necessary. 

The plant manager proposed that the difficulty in controlling the quality of 
chocolate be met by segregating the chocolate processing department in a corner 
of the building and air conditioning only that part of the building. Workers in 
the chocolate department would be expected to wear somewhat warmer clothing 
than would be needed by workers in other departments, although a temperature 
of 68 degrees was believed to be proper. After the chocolates were dipped or 
formed, they would be placed on trays and loaded on an enclosed conveyor. 
The conveyor would move the candy from the processing department to the 
packaging room, where it would be placed in boxSs for storage or shipment.! The 
enclosed conveyor could be air conditioned at relatively low cost. ^ 

Question: 

What are the advantages of the air-conditioning plan as outlined by the plant 
superintendent? 


29. ENLARGING THE JOB 

William Enrico was one of sixteen welders in the jet engine department of the 
plant of the Dallas Engine Company. His job was classified as that of a manual 
arc welder, and workers at other welding jobs in the department were given the 
titles of automatic welding machine operators or inert-gas metal arc welders. The 
production planning department scheduled the flow of work and assigned the 
operations to each worker according to his specialty and the type of welding 
required for production. 

Although Enrico was satisfied with his pay, he found the work to be particu- 
larly trying and at times frustrating. On some occasions, work would accumulate 
at his work station, and he would be pressed to meet the schedules established by 
the production planning department. At other times, he had no work to do, al- 
though other welders might be busy. Enrico also found the work to be monot- 
onous and to lack the challenge to his ingenuity that he enjoyed. Because of the, 
degree of specialization among the welders, all of his work assignments were 
similar. He finally spoke to the foreman concerning the possibility of transferring 
to some other type of work. The foreman did not approve this proposal because 
he did not like to lose a good welder. The personnel manager objected to it be- 
cause several months of training and experience were required to develop a 
skilled craftsman in this work. After discussion of the problem with the other 
welders, the foreman recommended that the job be enlarged and that any -welder 
be permitted to do any kind of welding that the production order required. This 
change in work assignments was made, and the job titles of the welders were 
changed to the title of mechanic. 

The new setup required that some additional tools and equipment be provided 
for each welder, but the number of welders was reduced from sixteen to thirteen. 
This reduction was made possible by the better balance of work loads. The num- 
ber of moves necessary for the handling of any production order was reduced bf 
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about 15 per cent because any one welder could now do more than one operation 
on an order. Production planning was simplified because work no longer needed 
to be assigned to individual welders. The work was merely scheduled for the 
department, and individual work assignments were made by the foreman. 

The greatest advantage of the change was found to he the greater employee 
satisfaction. Enrico told the foreman that he was especially pleased with the new 
job title, which gave him increased prestige both inside and outside the plant. 
The quality of the welding work noticeably improved. Although most of the 
work formerly done had been acceptable, it had lacked the appearance that an 
interested craftsman could impart to a weld. The plant manager was so pleased 
with the improvement that he authorized the plant engineer and the personnel 
manager to investigate the possibility of enlarging the work of other jobs. 

Required: 

Explain the advantages and the disadvantages of a high degree of specializa- 
tion in production work. 
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15 Product 
Research 

In preceding chapters, our discussion was concerned with 
two of the major groups of problems pertaining to the management 
of industrial enterprises. These problems relate to the organization of 
the enterprise and the provision of physical facilities. Other problems 
pertain to the product to be made and sold. In the development of any 
new product, the first step consists of research and experimentation in 
product development. Next, the product is designed with reference to 
such structural features as lines, color, general appearance, materials to 
be used, and s erviceability . Then the specifications of the parts and other 
exact featurer of materials, parts, and the completed product are fixed. 
In some cases, a further period of experimentation with manufacturing 
methods and possibly some trial tests of the market with limited 
amounts of the product may be required before full-scale manufactur- 
ing is started. Standards for the quality of the product are also estab- 
lished. Quality is incorporated into the product by design, construction, 
quality materials, and craftsmanship. To assure that the standards are 
njaintained, the materials, parts, and subassemblies are inspected at 
various stages in the process of manufacture, and the finished product 
is inspected and perhaps tested by a trial run. The product is the n 
shipped to the customer and installed and serviced it necessary, the 
steps might be summarized as follows: 

in'Basic research. 

^Applied research. 

' Development of design, setting of standards. 

Revision of plant layout. 

I':' Purchasing of materials and parts, inspection upon receipt. 
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Manufacture of the product, inspection at certain control points. 

Final inspection and testing. 

Shipment to the customer. 

Installation and service. 

Some of the steps in product development have been discussed in 
preceding chapters. The steps remaining for consideration are product 
research, product design, and inspection. 

NATURE OF INDUSTRIAL RESEARCH 

The significance of research arises from'' the fact that industry is 
characterized by rapid change in both products and methods of manu- 
facturing. Change is the result of the discovery of new applications of 
scientific principles and business methods. Improvements in methods 
and devices have continued since man first discovered fire, the needle, the 
loom, the wheel, the lathe, and the use of writing to convey ideas. 
What is new in modern industry is the rate at which improvements are 
made and new products introduced. The tempo of industry is so rapid 
that most large enterprises find it necessary to make constant improve- 
ments in products and methods of production. 

Types of Research. Research activities may be classified on the basis 
of the purpose or objective. From this point of view, research is classi- 
fied as bgsic or pure, ap plied, an d developmental . Basic research con- 
sists of investigation for the discovery of scientific principles . Much 
basic research is done in the fields of biochemistry, bacteriology, 
physics, and inorganic chemistry. Its purpose may be the discovery of 
the properties of organic and inorganic matter and the nature of sound, 
light, electricity, or other forces, without regard to possible applications 
of the principles. Manufacturing establishments formerly looked to the 
universities, various endowed institutions, and the government for re- 
search in the basic sciences. However, as corporate manufacturing 
enterprises have increased in size, they have made significant contribu- 
tions to scientific knowledge through their own investigations. 

A pplied research is investigation and experimentation in the use of 
scientific principles to develop a new product, improve a product, or 
improve the container. Improvement of a product may be achieved by 
developing a cheaper or more economical method of manufacture, by 
improving the appearance or the operating efficiency of the product, or 
by developing new materials to be used in manufacturing, such as mag- 
nesium, aluminum or steel alloys, plastics, synthetic rubber, and rustless 
steel. Most industrial research is applied research. 
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gffltdflpmental research is investigation or experimentation for the 
purpose of lowering th e cost of prndnripg or marketing the product. 
Developmental research is usually conducted by the line or the operat- 
ing departments rather than by a research department. This type of 
research begins after applied research has been completed. It is con- 
ducted continuously for the purpose of eliminating minor troubles in 
production and defects which become apparent as the product is used 
by consumers. Much development research is the result of complaints 
received from distributors or customers. Market and consumer surveys 
are often conducted for the purpose of obtaining consumer and distribu- 
tor comments on the product and suggestions for improvement. 

The question that must be decided by any corporate management is 
the amount of research that it will do in each of the three areas. The 
object of the research program depends upon the industry, the size of 
the company, and the attitude of the management. In some industries, 
such as rubber, the objective seems to be principally to improve the 
product in order that the company may maintain its competitive position. 
In other industries, such as food, more of the research appropriation is 
expended on the development of new products. As might be expected, 
large companies conduct more elaborate programs than small enter- 
prises. Because of the relationship to sales and profits, corporations tend 
to emphasize applied and developmental research and to spend only a 
small part of their appropriations on pure research. 1 

Who Conducts Research. Many of our most-notable inventions re- 
sulted from the work of individuals. Well-known inventors are Eli 
Whitney, Robert Fulton, S. F. B. Morse, Alexander Graham Bell, Henry 
Ford, Harvey Firestone, and the Wright brothers. The radio was the 
product of many minds, although Guglielmo Marconi is usually credited 
with the invention of wireless telegraphy. Thomas A. Edison pro- 
duced a total of 1,097 patentable inventions, including the phonograph, 
the motion-picture camera, a telephone transmitter, and the incandescent 
electric light. The principal disadvantages of research by individuals are, 
first, the limited amount of time and money which most persons can 
devote to research and, second, the duplication of effort because of the 
lack of co-ordination in the research of many persons working individ- 
ually. 

Industrial and commercial enterprises now conduct much of the most 
significant research. In 1920, about 300 corporations in this country 

1 For discussion of the amount that a company should spend in research and the per- 
centage that should be allocated to each type of research, see Francis Bello, "Industrial Re- 
search" Fortune, Vol. LIII, No. 1 (1956), pp. 96 ff. 
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employed 9,300 persons in research. By 1930, the number of corpo- 
rations with research laboratories had increased to 1,623, with a 
personnel of 34,200. Corporate research work increased markedly dur- 
ing World War II. From 1945 to I960, the number of scientists and 
engineers engaged in industrial research increased fourfold. The expend- 
iture for such research in I960 is estimated to be approximately $10 
billion. 2 The greatest amount of industrial research is conducted in the 
mass-production industries, such as petroleum, rubber, chemicals, auto- 
mobiles, telephone, and electrical appliances. Corporate research has the 
advantage of strong financial support for projects that afford, the 
promise of profitable commercial development. The continuous life of 
the corporation enables it to take a long-range point of view. More- 
over, in corporate research the work of specialists in various fields may 
be correlated or integrated. A possible limitation of corporate research 
is duplication of effort by companies in the same industry or in related 
industries. 

Some corporations maintain their own laboratories for projects of 
limited scope which can be completed within a period of a few weeks 
or months, and they contract with private research organizations for 
research requiring longer periods of time. The work may be done at 
less cost by a private research organization because the facilities and the 
staff are already available. The private organization may also spread 
the overhead costs of equipment and personnel over a number of differ- 
ent contracts. 8 

The logical place for basic research is the university or college labor- 
atory, and much research of this nature is conducted at educational 
institutions by instructors, fellows, and other graduate students. How- 
ever, an increasing amount of applied research is being conducted in 
universities and colleges because of the income received from such 
work. Some of the research is financed by grants from the government, 
trade associations, and corporations. Much research is conducted by 
universities in co-operation with the federal government and private 
corporations. 

Some research is financed co-operatively by members of a trade or 
industry through trade associations. The research activities of trade asso- 
ciations assume many forms. Some associations co-operate with' com- 

*C. Wilson Randle, "Problems of R and D Management," Harvard Business Review, 
Vol. XXXVII, No. 1 (1959), p. 128. 

'Gerald Morrell, "What Makes Research Sterile?" Harvard Business Review, Vol. 
XXXVI, No. 6 (1958), pp. 149 ff. 
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mercial laboratories, universities, privately endowed institutions, or gov- 
ernment agencies for carrying on research projects. Other associations 
serve only as clearinghouses through which the members exchange 
the results of their investigations,, and still others maintain laboratories 
for research and report the results of their experiments to the mem- 
bers. Industries in which trade associations have conducted research in- 
clude baking, dry milk, gas (for cooking and heating), steel, asphalt, 
car wheels, meat packing, food canning, bituminous coal, textiles, 
fertilizer, paint and varnish, and cement. 

Trade association research has the advantage of low cost to the indus- 
try as compared with separate research programs for the various com- 
panies. Centralized research programs are not more generally conducted 
because each company wishes to outdistance its competitors by devel- 
oping a product that is superior or unique. Co-operative research is 
beneficial to the industry, but it benefits all companies rather than the 
individual company. 

Probably the best known of the technical research organizations is 
the National Research Council, which was established in 1916 by the 
National Academy of Sciences and a number of technical societies. Its 
membership is composed of representatives from government agencies 
and scientific and technical societies. Financial support is received as 
grants from the Carnegie Foundation, the Rockefeller Foundation, and 
other private organizations. The function of the National Research 
Council is to assist in co-ordinating and publicizing scientific work in 
the United States rather than to manage research projects directly. This 
function is important because it tends to reduce simultaneous research 
on the same project by various agencies or individuals. Technical and 
professional societies for research include the American Dental Associa- 
tion, the American Pharmaceutical Association, the American Society 
of Mechanical Engineers, the American Association of Testing Ma- 
terials, and the United States Institute for Textile Research. 

DEVELOPMENT AND CONTROL OF RESEARCH PROGRAMS 

Each company should decide for itself certain aspects of its research 
program. One such question pertains to the relation of any new project 
,^o other projects, and the relation of any new product developed 
through the research program to the existing product line. The manage- 
ment should also determine whether research will be organized as a 
major division or as a department within the manufacturing division. 
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Other important questions pertain to the relation of research to other 
divisions of the company and the organization of the research activity 
itself. 

Co-ordination of Research Programs. Usually no difficulty is en- 
countered in the co-ordination of pure, applied, and developmental 
research programs provided the company limits the work to one field, 
such as electronics, chemicals, or cake mixes. Although some of the 
personnel may specialize in one type of research, the entire program 
can be conducted in one laboratory under the supervision of one 
research director. Problems of co-ordination are minimized if the 
products developed by the research staff can be manufactured with 
existing facilities without a revision of plant layout. Further economies 
are achieved if the new products can be sold by the existing sales organ- 
ization through the usual sales outlets. A company with a varied product 
line may be able to make and sell at a profit many new products that a 
company with a more limited product line would find unprofitable. 

In some cases, research programs may lead to new products that are 
manufactured by similar production facilities but are advertised through 
different media and sold to different groups of consumers through differ- 
ent channels of distribution. For example, a well-known paint company 
developed two slightly different types of quick-drying paint. One was 
sold to manufacturers of automobiles and home appliances, and the 
other was intended for homeowners or amateur painters. Sometimes a 
unified research program requires that the company branch out into 
new lines of production and sales if it is to utilize the discoveries made 
in its laboratories. In this manner, a manufacturer of paints and varnish 
was drawn first into the production of salad dressing and related 
products and subsequently into the manufacture of certain medicinal 
preparations. The new product lines resulted from the efforts of the re- 
search staff to find ways of utilizing scrap and waste that formerly was 
discarded. 

In some cases, the relationship between various research and other 
activities is remote. For example, a manufacturer of cereals and cake 
mixes launched a line of electric irons and other home appliances. The 
two product lines, one in cereals and the other in appliances, differed in 
research methods, manufacturing processes, production facilities, and 
channels of distribution and sale. The principal relationship between 
the lines arose from the fact that the same group of consumers pur- 
chased the products and could be reached through the same adver- 
tising media. The company hoped that the name and reputation of 
the one line of products would help to sell the second. This relation- 
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ship was found to be too limited, and the line of home appliances was 
abandoned after a trial period. The situation is shown graphically in 
Figure 32. 

RESEARCH 


MANUFACTURING 


ADVERTISING 


CHANNELS OF 
DISTRIBUTION 


PURCHASERS 
OF PRODUCTS 

FIG. 32. Relation of Product Lines of Appliances and Cereals 

Location of Research Laboratory. Opinions differ concerning the 
most desirable location of the research laboratory. Most businesses con- 
sider that the laboratory should be located near the factory in order 
that the laboratory personnel may be informed of production require- 
ments and problems. The objection to such a location is that the re- 
search staff may be called upon to study the day-to-day problems of the 
factory which the executives of the line organization or the plant 
engineers should handle for themselves. This practice would prevent 
continuity in the research program which is necessary to success and 
might reduce the position of the research specialist to that of a "glori- 
fied repairman.” However, some contact between the research division 
and the plant is usually considered desirable in order that the research 
staff may understand the problems of production. For this reason, some 
companies locate the research laboratory close enough to permit oc- 
casional visits to the plant but far enough away to discourage frequent 
calls upon personnel by plant executives. 

Research a Staff Function. Many problems of organizational re- 
lationships should be clarified before production is begun. Contracts 
should be made with vendors for the manufacture of the raw materials 
and parts in the necessary and the required quantities. If the product is 
sold to other manufacturing companies, advertising and sales promotion 
programs should be directed toward this market to induce them to use 
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the new product. For example, a container manufacturing company 
may be required to organize a sales campaign to persuade other com- 
panies to package their products in a new fiber or metal container. In 
some instances new packaging machinery may be required. The sales 
program may extend beyond the manufacturer who uses the container 
in order to reach the ultimate consumer. The container manufacturer 
might attempt to convince ultimate consumers that vitamins are not 
destroyed in the canning process or that beer in metal containers is 
as palatable as the same product sold in bottles. In some cases, milk 
commissions must be persuaded to permit the sale of milk in fiber 
cartons if the product is to have a wide market. In the handling of (such 
problems arising in connection with the production and sale of the\new 
product, the co-operation of the sales, manufacturing, and engineering 
divisions is necessary. 

Organization for Research. Although the persons engaged in re- 
search are scientists who are expected to create ideas, they require 
some organizations to co-ordinate group effort and to prevent waste. 
The principles of organization and management that have been proved 
to be successful in other lines of endeavor can be adapted to the or- 
ganization of the research department. However, the application of 
the principles of organization is proper only to the extent that they in- 
crease rather than suppress productive efforts. 

The research department usually has a director, one or more 
assistants to the director, project supervisors, and research personnel. 
The success of the department depends upon the individual research 
specialist, who must largely manage his own work. Each productive 
unit of the organization, or each scientist, has unique characteristics 
because of differences in personality, education, and experience. Re- 
search workers dislike forms, rules, and office routines. They may 
accept such controls, but they do not necessarily co-operate to make 
them effective unless they are convinced of the need for procedures 
and other restraints. 

Proper supervision for research personnel requires training for 
supervisors both within and without the company. The supervisor is 
usually a technician who has been promoted because he wap believed 
to possess the qualities required for supervisory work. However, - such 
a person usually requires some additional training in budgetary control, 
organization, human relations, and other phases of management. In 
some companies, training for supervisors of research personnel tends 
to be neglected . 4 


4 C. Wilson Handle, op. at., p. 134. 
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Communication assumes increased importance because the director 
needs to keep himself informed concerning the research projects 
throughout tl\e department. He should observe the usual channels of 
communication, although he may sometimes establish direct contacts 
with individual scientists. The supervisor or group leader would advise 
with the director on all problems pertaining to his section and would 
transmit to scientists working with him all communications pertaining 
to budgets, project assignments, salaries, purchases of equipment, and 
other detailed problems. 

Horizontal communication is also important because problems are 
rarely solved by one person acting alone. The exchange of information 
between individuals and groups is necessary to collective industrial re- 
search. In any lateral communication, the supervisor of the project 
should be kept informed of decisions reached. All unresolved problems 
affecting research personnel would be referred to the supervisor for 
his opinion. 

Communication between the research division and other divisions is 
also desirable, although the establishment of such channels of communi- 
cation involves many difficulties. Communication between research and 
sales might enable research personnel to learn of the difficulties of 
salesmen in selling a product or service personnel in installing and 
servicing it. Such information would enable the research division to 
develop better products in the future. Communication between research 
and manufacturing might disclose that excess manufacturing cost is 
caused by certain features in the design of a product. Similar advantages 
would be gained by communication with the advertising, market re- 
search, purchasing, engineering, and other divisions. In many companies 
these channels of communication are inadequately developed . 5 

The persons who work on the research projects perform the operating 
activity or the line function of the research department. The line needs 
the services of various persons who perform the staff or facilitating 
work. Such services may include a library of technical books, magazines, 
and other materials under the direction of a librarian. The library 
would also keep complete records of all research projects undertaken 
and either completed or abandoned. A model shop may be established 
to make models of products being developed by the research personnel. 
Editorial work and photography may be separately organized under the 
supervision of technicians. Other special services include drafting of 
charts and drawings, storage and care of instruments, and the prepar- 
ation of specifications against which new products are tested. Services 

•John A. Howard, "Co-ordinated Product Development," Harvard Business Review, 
Vol. XXXVII, No. 1 (1959), pp. 33 ff. 
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of this kind are provided in order to save the time of engineers, 
chemists, and other scientists who are engaged in research. 

Planning the Research Program. The idea for a new research 
project or a new product may originate with the research department. 
Ideas for research may also be suggested by persons in the sales division 
or elsewhere in the company. Occasionally, the idea may come from 
someone outside the company, including customers, or from scientists in 
government or universities. After preliminary discussion, a search of 
the literature may be made to determine whether anyone else has made 
a study of the field. The files of the company would also be consulted 
to learn whether the idea has been previously considered. If the idea 
has been proposed earlier and then rejected, the reasons for the fe- 
jection should be carefully reviewed. New developments since the idea 
was considered at an earlier time would be investigated to determine 
whether the chances for success have increased. 

If the probabilities for the development for a new product seem to be 
favorable, it would still be necessary to inquire whether a profitable 
market for the product can be developed. Market possibilities might 
be investigated by the market research department. Promising ideas 
then go through the stages of laboratory research, product formulation, 
survey of the technical and market possibilities of the product as 
developed, and the formulation of a recommendation for abandonment 
or further development. 

Before a new product is introduced on a national scale, it may be 
produced in a small factory or workshop known as a “pilot plant.” 
In such a factory, equipment for the manufacture of the product in 
limited quantities is provided and the product is sold to consumers in 
a small area. Production difficulties are corrected; the product itself may 
be improved; and consumer acceptance is studied. If production on a 
large scale appears feasible, manufacturing and distribution may be 
expanded to cover the national market. If large-scale production is not 
feasible, further research may be made, or the project may be 
abandoned. In this manner, serious errors may be avoided. 

An extension of the plan of the pilot plant is found in the semi- 
works, in which a production line is set up and placed in operation. The 
purpose of the semiworks is to discover defects in manufacturing 
methods and procedures before the risks incident to production on a 
large scale are incurred. When the new plant is built, both product and 
manufacturing processes have been sufficiently improved to afford a 
promise of success. 

When to terminate the research on a project and begin the pro* 
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(faction and sale of the product is a difficult problem. Us uall y the 
research personnel are scientists who are inclined to be perfectionists. 
They may wish to continue experimentation and improvement in order 
that they may be certain that the, product will render good service; 
and they may overlook the factors of cost, selling price, and profit. To 
continue research for too long a time may permit competitors to enter 
the market and gain an advantage that will be difficult to overcome. 
However, to discontinue the research too soon and to attempt to make 
and sell a product that is unsatisfactory to customers may cause heavy 
losses. 

Organixing for Production of the Product. The success of the 
product may depend upon careful planning for the initial produc- 
tion. Quantities and schedules of production should be planned as a 
basis for the purchase commitments. New equipment may be required; 
but before it is bought, the management should estimate the probable 
time required for a recovery of its cost. A revision of plant layout may 
be necessary, and such changes should be made in a manner that will 
not disrupt the schedules and costs of existing products. The pattern 
of production for the old products should be adjusted to provide for 
the production of the new one. Some shifts in personnel may be neces- 
sary. Costs should be kept at a minimum with due regard for quality 
of the product and safety of personnel. Cost reductions may be effected 
by possible redesign of the product to reduce the number of parts or 
simplify manufacturing operations, by a reduction in the size of the 
product or its parts, provided its performance would not be affected, 
by the substitution of standard parts for parts especially made, and 
perhaps by other changes. Some of these changes would require the 
approval and co-operation of persons outside the research division. 

Budget Control of Research. A careful control of research expense 
through a budget is necessary because of the uncertain nature of the 
work and the time required to perfect a project. Some of the programs 
may require several years for completion. Some companies estimate 
that the research program must be ten to fifteen years ahead of the 
product. To avoid excessive and wasteful outlays for research, manage- 
ment should plan all projects and should control the total amount of 
money spent in the work. 

The total amount to be spent in research is usually stated as a per- 
centage of sales. This method has the advantage of placing a definite 
limit on the amount spent for research and of permitting an increase in 
the expenditure as the company increases in size. Some companies use a 
percentage of the average sales for the preceding five years. This 
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method of computation eliminates large year-to-year variations and 
permits the research director to plan a program with the assurance 
that it can be carried to completion. The research budget may also be 
planned each year to provide specifically for the cost of certain pro- 
grams, with an allowance for any new programs that might be initiated 
during the year. The estimates may also indicate the amounts to be spent 
for various types of research work. For example, General Motors 
Corporation divides its research program into three parts, as follows: 

Service to the various divisions of the company. 

The making of models or samples, from which products are to be designed. 

Research in pure science, such as the properties of paraffin, fuels, and lubri- 
cants, or the causes of knock in an engine. \ 

In a large company, research activities may be conducted in more 
than one place or laboratory. When this situation exists, the total re- 
search allowance is apportioned to each location and also to the various 
projects. A part of the appropriation may be allocated to product test- 
ing and improvement. 

The estimates are next reviewed by top management. The most 
common practice is a review by the president of the company, by a 
committee of which the president is a member, or by the general 
manager. However, the estimates may be submitted to a vice-president, 
the chief engineer, the research director, or the production manager. The 
budget may be approved as submitted, or a revision may be required. 
Before the budget is finally approved, top management should be 
assured that the total amount is not excessive, that the projects recom- 
mended give a reasonable promise of success, and that the results of 
successful research can be profitably used by the company. A new 
product developed through research should be related in some way to 
the existing line of products. The addition of the new product might 
be justified because it can be sold in the same market through the same 
channels of distribution as present products, because it can be manu- 
factured with the same equipment, because it provides a use for waste 
or scrap, or because it offers some other definite advantage in produc- 
tion or marketing. 

Periodical reports of cost and accomplishment for each project should 
be submitted to the budget committee, and all major projects should be 
reviewed at least semiannually. If the success of a program becomes 
questionable, the work should be suspended until the difficulties can 
be appraised or until a decision for abandonment or continuance can 
be made. In some companies, unsuccessful projects are continued be- 
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cause the research scientist or perhaps some executive has a special 
interest in them. Money can be wasted in research because the possibil- 
ities of a project are not easily determined in advance and results are 
not easily evaluated. Each project dnd the entire program should con- 
tribute to the objectives of the business . 6 

When a project is abandoned, a complete record should be made 
for future reference, in order that the work will not be duplicated 
later. This record would indicate the original objectives, the methods 
pursued, the results (which might be negative or positive), the amount 
of money spent, and the reasons for abandonment. 

Patenting of a Product or a Design. A successful project may pass 
through the following six stages: 

Discovery of a scientific principle. 

Application of the principle to a practical problem. 

Perfection of an invention. 

Granting of a patent by the government. 

Manufacture and sale of the product on a small scale in a pilot plant. 

Manufacture and sale of the product on a mass-production basis. 

A patent is granted for seventeen years. Protection begins when the 
application is filed, and the time limit of seventeen years begins when 
the patent is issued. The patent does not confer the right to manufac- 
ture and sell the product or to use a process, since under the law each 
person already has such a right. What it does confer is the right to ex- 
clude others from the use of the processes or from the manufacture 
of the product protected by the patent. Such protection is socially de- 
sirable because it affords the motive for extensive and intensive research 
which characterizes modern production. Industrial research results in 
continuous improvement in the products of industry. The benefits are in 
tittle extended to labor and consumers as well as to management. 

QUESTIONS 

1. How can the need for more and more research be explained ? Will industry 
ever reach the point where more research is unprofitable? 

2. In what industries is the greatest amount of research being done? Mention 
industries where the amount of research is relatively small. 

3. Are the attitudes of research personnel toward controls different from 
the attitudes of persons in the manufacturing divisions? 

^ S«e James B. Quinn, "How to Evaluate Research Output," Harvard Business Review, 
Vol. XXXVm, No. 2 (1960), pp. 69-80. 
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4. How does budgetary control of research differ from control over such 
activities as manufacturing and selling? 

5. What qualities are required of the person who supervises the work of 
research in a company in the chemical industries? Does die best chemist make 
the best manager? 

6 . Scientists usually want recognition by their professional associates for their 
contributions to the subject. How can such recognition be gained by the scientist 
who works for an industrial corporation ? 

7. Does the company face the risk of working too long on a research project? 
Might it terminate the program too early? How can such risks be minimized? 

8. What is the significance of the fact that research is a staff function? 

9. Why might the research worker neglect the possibilities of profit from 
the research program? Why might overemphasis upon profit be undesirable?, 

10. What advantages does the large company have over the small one in 
conducting a research program? Should this difference constitute a reason why 
the government should favor the growth of corporations as measured by dollar 
value of assets or extent of the product line? 


CASES 

30. DEVELOPMENT OF A NEW SOAP 

The Chicago Packing Company, one of the large meat-packing companies, had 
developed and marketed a number of brands of soap without substantial success 
until it perfected and marketed a new soap which it called Real. Previous at- 
tempts to market a soap met with only moderate success because of some decided 
defect in comparison with well-known brands. One of its soaps had a yellowish 
color, tended to become soft when wet, and had a questionable odor. As the 
company had large amounts of waste which could be used in making soap, it 
was particularly anxious to develop a successful product. 

The management recognized that in order to compete with other soaps which 
were well established, the soap would have to have some quality not claimed by 
other brands. After considerable discussion among management people, a man- 
ager in the sales division suggested that a soap that was also a deodorant would 
be a revolutionary idea for such a product. The deodorant would destroy the 
objectionable feature of perspiration before it started and would produce a lasting 
pleasant effect. This suggestion was passed along to the research chemists, who 
soon began experimenting with possible ingredients. They discovered that a cer- 
tain chemical would destroy the bacteria responsible for the objectionable odors. 
After further research, they produced a soap that had the qualities desired by 
the management. 

The marketing of the soap raised a number of important questions. Retail food 
stores were antagonistic to a new soap because of price cutting, combination 
sales, coupons, and other special deals which caused them considerable incon- 
venience. The company therefore decided to begin the marketing of Real in drug 
and department stores. To induce such distributors to handle the new product, 
the manufacturer fixed a resale price and required that the soap be sold at that 
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price in accordance with price maintenance or "fair trade" laws of the various 
states. The price was higher than the prices charged for other soaps because the 
dealer was guaranteed a substantial markup. This method of selling limited the 
sales but permitted the company to test the market. 

The advertising of a product designed to prevent undesirable effects of 
perspiration presented a difficult problem because such advertising tended to 
associate the product with unpleasant ideas. The company developed the theme 
that "Even nice people perspire and nice people use Real." This approach did 
not provide a wide market because it seemed to indicate that the new soap was 
intended for a limited group of people. Eventually the company had to appeal 
to the mass market and to direct its advertising to all kinds of people. 

The fixed-price policy with no price cutting by the chains limited sales in 
several ways. Although the price provided a liberal markup and encouraged 
dealer sales promotion, the product was not competitively priced. As many 
customers purchase their toilet soap along with their groceries, the failure of 
grocery stores to carry the soap seriously limited the number of retail sales outlets. 
This policy therefore had to be changed to permit sales at competitive prices and 
to offer inducements to chain stores to sell the soap. 

Originally the company had produced only the large size bar of soap. To reach 
the larger market, a smaller size was put into production to be sold at prices com- 
parable to the prices charged for other popular brands. With the changes in ad- 
vertising appeal, the abandonment of a fixed retail price, and the introduction of 
the smaller size bar of soap, the company was able to get a substantial share of the 
market within three years after the soap was first introduced . 7 

Question: 

What were the phases of research and sales methods that were peculiar to this 
product? 

31. DEVELOPMENT OF A NEW DESIGN FOR THE PACKAGE 

A large cigarette manufacturer had for many years used the same design and 
color of package for its product. The cigarettes had originally been sold in a 
small cedar box, and the package had been evolved to resemble the color and ap- 
pearance of the box. Surveys indicated that customers were developing a prefer- 
ence for other brands, though the company could not be sure whether they ob- 
jected to the package or the product itself. To answer this question, the market 
research department prepared packages of its own and competing brands which 
wqre wrapped in plain white paper without any identification except a serial 
number. These packages were distributed to smokers, who were asked to indi- 
cate their preferences. From the reports on this' research project, the company 
concluded that the package rather than the product required redesigning. 

A consulting firm which specialized in packaging and also the staff of a manu- 
facturer of packages were engaged to recommend a new package design. The re- 
search personnel at once agreed that the drab brown package should be replaced 

T Some of the facts for this case were drawn from Spencer Klaw, "How Armour Cleaned 
Pp with Dial," Fortune, Vol. LI, No. 5 (1955), pp. 129ff. 



298 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


by a new and colorful package. Color was considered important because the 
manufacturer advertised extensively on television, and color television was already 
in process of development. About 3>000 package designs were developed for con- 
sideration by a small group of package experts. The number of designs was first 
reduced to 40 and later to 10. The final selection was made from this smaller 
number. 

The package finally selected was a combination of red, gold, and white. The 
package experts said that red suggests warmth and also attracts the attention of 
the customer. Gold was believed to suggest quality, and white was said to suggest 
purity. Tests of the new package in retail stores alongside other brands indicated 
that the colors were prominent and easily seen. The package had greater attrac- 
tiveness when it was on the periphery of vision or even on the back of the retail- 
er’s shelf. The label was easily legible and could be seen at a greater distance than 
the labels on the previous package or on the packages of competitor brands. 

In the development of the package, tests were made to determine why custom- 
ers in self-service stores had selected certain brands of soap, cereals, cigarettes, and 
other packaged products. To assure that the customer was free to select any 
brand, customers were given lists of products being tested as they entered the 
store and they were told to select any brand as a gift. As the customers' left the 
stores, they were asked to state the reasons for their selections. Similar tests were 
made in other types of stores. These studies indicated that the package and the 
arrangement of the lettering greatly affected customer choices. Although the 
company waited until the package had stood the tests of final production and 
sale, the management was convinced that any package should be changed occa- 
sionally to give new sales appeal. 

Questions: 

1. Did the company use a proper approach to the problem of design? 

2. Why is package design particularly important for thisf type of product? 
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16 Design 
of the 
Product 

Product design follows the development of an idea 
through basic and applied research. Design also depends upon market 
research which seeks to appraise the probable demand for the product 
at a price which will permit the company to make a profit. However, the 
design of a new product does not necessarily depend upon scientific or 
engineering research because a design may incorporate principles of 
form or structure that are generally known. The product may reflect a 
change in market conditions or the ingenuity of the designer. 

Design is closely related to both the engineering and the sales 
function. It pertains to engineering because it determines the kinds and 
qualities of the materials that are to be used in production, the parts and 
accessories that are to be purchased or manufactured, and the nature 
of the manufacturing methods and costs. The product should be de- 
signed with reference to the manufacturing processes, the imtfSines 
necessary to production, the methods of materials handling, plant lay- 
out, and labor costs in production. In some cases, a high production 
cost may be possible, while in other cases the product should be de- 
signed to keep the costs and the selling prices low. 

The sales division is concerned with product design because the 
manufacturer attempts to hold or increase his share of the market, 
or to develop new markets. Sometimes the advertising division may 
attempt to convince customers that the products of the company are 
more desirable than the products of competitors. The sales division 
also seeks to anticipate the changes in design that competitors may in- 
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troduce and to persuade the management to incorporate needed changes 
in its products. The sales division may seek to exploit market potentials 
for existing designs in order to make a volume of sales that will permit 
as full a utilization of plant capacity as possible . 1 

INFLUENCES UPON DESIGN 

In planning for design, the product engineer should take into con- 
sideration the service expected of the product, the weight, appearance, 
shipping costs, manufacturing cost, consumer preferences, and nature 
of the competition. Each of these factors requires brief discussion. 

Service Expected. Some products will be used in places where they 
can be repaired easily, while other products will be used under condi- 
tions that make repairs difficult or costly. A product that will be used 
in a factory will probably be subject to more regular inspection and 
maintenance than a product that will be used in a home. The size and 
shape of a refrigerator depends upon whether it is to be used in a 
private residence or an institution. An automobile should be designed 
with reference to its use in heavy traffic and on certain types of roads. 

Some products must be more sturdily constructed because they will re- 
ceive rough wear. Automobile tires have been improved as automobile 
speeds have been increased. Railroad rails have been redesigned to 
carry heavier loads at higher speeds. Textbooks are more sturdily con- 
structed than novels because they receive longer and rougher usage. 
A tin can that is to be used for beer and which must withstand high 
pressure during pasteurization must be more sturdy in construction 
than a can that will be subjected to a lower pressure. 

Some products are intended to "last for a lifetime,” while others last 
for a short time. If the manufacturer were to be perfectly frank, he 
might label certain products as "built for a day.” Articles that are in- 
tended for limited use range from plated silverware and costume 
jewelry to souvenirs for tourists, paper-soled shoes, and cheap millinery. 
Lifetime products would include sterling silver, mahogany furniture, 
and oriental rugs. 

Some products are used under circumstances that require quick 
visual observation and interpretation. Examples are dials on telephone 
equipment, switchboards, automobile license plates, clocks, and electric 
signs. Airplane pilots, in reporting on accidents and near accidents, 
have reported that errors in reading instruments were due to confusing 

‘Sec Edward Wisnewsky, "Manufacturing in Jeopardy," Harvard Business Review, 
Vol. XXXVII, No. 6 (1959), pp. 131-39. 
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one instrument with another, confusing the two hands of an in- 
strument, misinterpreting the direction in which the hands moved, ■ 
reading the wrong instrument, and poor legibility of figures on the dial. 
This information has been used to improve the design not only of air- 
plane instrument dials but also of dials on equipment used in factory 
production. 

Weight of the Product. In many industries, manufacturers have 
been giving increased attention to the factor of weight. For some 
products, the advantage of lighter weight is largely a matter of con- 
venience to the customer. Examples are baby carriages, lawn mowers, 
ladders, and storm windows. A reduction in the weight of some prod- 
ucts will result in lower operating costs to the customer. Examples 
are airplanes, railroad cars, and automobiles. In other cases, lighter 
weight affords an advantage in use. For example, the weight of the uni- 
form of a football player has been cut approximately in half through 
the use of foam rubber for padding and the substitution of synthetic 
fabrics for the heavier textiles formerly used. 

Appearance. The lines of a dressing table, a lamp, a refrigerator, 
or a bottle containing hand lotion may be a large factor in the ac- 
ceptance of the product. The first radios to make their appearance were 
not readily accepted because they did not look attractive in the living 
room. Even the lines of a streetcar or a railroad passenger car are im- 
portant. 

Color is important in relation to appearance. Margarine manufac- 
turers know that people prefer a yellow color for their product. The 
color of composition shingles for roofing should be considered in rela- 
tion to the color of the bricks and the trim of the house, just as the 
color of linoleum in the kitchen is selected in relation to the furnish- 
ings. In fact, in the selection of linoleum, color is far more important 
than the pattern. Although the customer can be persuaded to switch 
from one pattern to another if the color is right, she usually will not 
change her color scheme. Color is important in clothing, upholstery, 
plastic kitchen gadgets, paints, rugs, chinaware, and numerous other 
articles. In mass markets, color trends change slowly. In high-style 
merchandise, changes are sometimes rapid. 

Shipping Costs. Much equipment can be shipped before assembly 
if it is designed with this purpose in mind. An automobile company 
which ships trucks overseas reduced the required shipping space from 
878 cubic feet to 389 cubic feet by revising the truck design and by 
shipping in three small crates instead of two larger ones. Other products 
which are designed in a manner that permits economical shipment and 
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quick assembly include porch awnings, porch furniture, overhead ga- 
rage doors, doll carriages, and tricycles. The increased use of pallets 
in the movement of material has directed attention to the size and 
shape of cartons in which materials are shipped. The carton should 
be of a convenient size for interlaced stacking on a standard-sized pallet. 

Cost to Manufacture. The cost to manufacture is obviously impor- 
tant in design, if the product is to be sold at a profit. A product which 
is of a quality sufficiently good for one purpose may be entirely unsatis- 
factory for another use. For example, no finish is perfectly smooth — 
one finish is only less rough than another. A 'stirf ace that looks smooth 
may serve satisfactorily for the outside metal case of a vacuum cleaner 
but not for the roller bearings. For the bearings, the surface irregular- 
ities that are permitted are measured in millionths of an inch. Cost is 
also affected by the kind of material used, such as the use of fiber in- 
stead of glass for a milk container. Other features of the design which 
affect costs include such details as the following: 

Number of accessories or special features, such as mudguards, horns, and re- 
flectors on a bicycle. 

Parts made as one piece instead of several parts which would require additional 
assembly cost. 

The use of commercially standard parts and materials instead of specially man- 
ufactured parts. The decision to buy or to make such parts depends upon the 
quantity to be used, the accuracy of dimensions required, and the reliability of 
the outside source of supply. 

The simplicity of design of parts which will permit them to be stamped or 
pressed into shape instead of being cut and machined with cutting and grinding 
tools. This feature of design depends upon the use which is to be made of the 
product. 

The choice of bolts, rivets, screws, or welding to make assemblies. 

Consumer Ideas. Consumer desires as to quality, style, color, and 
cost should be considered by the designer, for consumer ideas may be 
very different from those of the manufacturer. Henry Ford popularized 
a low-priced automobile which was cheap in construction and available 
only in black. As consumer ideas changed, he was forced to make 
expensive changes in design and to provide a variety of colors. The 
change was in part the result of increased consumer purchasing power 
and of a change in consumer ideas. More recently an automobile manu- 
facturer decided that what customers needed was a short car that could 
be maneuvered easily in traffic and parked in a small space and also a 
tall car that permitted the driver and passengers to wear hats without 
difficulty. Since at that time the preference was for long low cars, the 
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manufacturer learned at great cost that consumers could not be induced 
to buy a car that did not suit their tastes even though a short, tall car 
might have some advantages. Later, ill automobile manufacturers were 
required to recognize the shift in consumer preferences to the small, 
compact car. 

In buying many products, consumers will give particular attention to 
the noise factor. Quietness is a particularly important attribute of house- 
hold appliances, home air conditioners, and outboard motors. In indus- 
trial plants, also, manufacturers who buy machines have been giving 
greater attention to the elimination of noise in production machinery. 

Various groups of consumers differ in their ideas concerning the fea- 
tures that are desirable in design. Some will prefer a quality product, 
and some will prefer a low-priced product. Some will prefer a product 
of long-wearing qualities, and others will be willing to cast the product 
aside within a short time in order that they may buy something new. 
Consumers will differ in their preferences regarding style, materials, 
size, color, and other features. Their preferences are affected by age, 
race, sex, religious affiliation, geographical location, education, and 
family size. Moreover, the preferences change from time to time be- 
cause of such developments as the movement of people from rural areas 
to the city and from city to the suburbs, changes in age groups, changes 
in the general level of educational achievement, and increased wages 
or salaries. 

Because consumers differ in their preferences for a product, the 
manufacturer should not attempt to sell the product to people gen- 
erally. Instead, the management should decide upon the groups who are 
expected to constitute the market. It should then develop the product 
design to satisfy the ideas and preferences of its anticipated customers, 
and it should direct its sales promotion activities toward them. The 
recognition of different groups of consumers in planning product design 
and marketing strategy is known as market segmentation. 

Many products are sold to other manufacturers for assembly in a 
product to be sold to ultimate consumers. Such products may be made 
according to specifications supplied by the manufacturer, while other 
parts or accessories are made according to standard specifications for 
sale to any manufacturer. Products sold to other manufacturers include 
motors, cables, fuses, batteries, plate glass, upholstery, sheet metal, wire, 
ball bearings, hinges, gaskets, chains, belting, pipe fittings and metal or 
fiber containers. 

The design engineer may find it impossible to include all desirable 
features in one product because he may be required to sacrifice one 
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feature to achieve another. For example, an automobile may be designed 
for style and beauty regardless of cost, difficulty of parking and 
handling in traffic, and the extent of damage to fenders and grillwork 
in case of collision. Design may also disregard the possibility that some 
materials may become scarce. 

Nature of the Competition. In planning the design of the product, 
the manufacturer takes into consideration the trends in the design of 
competitive products and the features that are stressed in competitive 
advertising. While the manufacturer rec0gni2.es trends in design, he 
attempts to develop features that make his product more serviceable, 
cheaper, or otherwise more satisfactory to consumers. For example^ 
a manufacturer of electric refrigerators cannot neglect the develop- 
ment of roll-out shelves and doors with storage space. If he introduces 
such features, he would attempt to convince consumers that his shelves 
and his doors are in some respect better than the shelves and doors in 
the refrigerators of other manufacturers. Some manufacturers em- 
phasize one feature in an effort to draw attention to one respect in 
which their designs are superior. Others emphasize several features in 
the hope that one or more of them will appeal to prospective customers. 2 
Each manufacturer must select the strategy which he thinks is most 
effective. 

Functional Design. When the idea for a new product is accepted, 
the product design department first attempts to develop a rough model 
of the proposed product that will render the required service to the 
consumer, or that functions as it should. The plan starts with a sketch 
which indicates the parts in their correct dimensions and the method 
of their assembly. The sketch assures that the parts will fit together 
as planned. A model of the product is then made. This preliminary 
work is called functional design. In planning for a complicated product 
such as an automobile or a refrigerator, functional design represents 
the work of many people. 

Manufacturing Design. Before the design is accepted, it must be 
examined to determine whether manufacturing costs can be reduced 
without affecting the service the product is expected to render. For 
example, parts may be made in one piece instead of two, and parts may 
be assembled with screws or bolts instead of rivets, or a different kind of 
welding can be used. Cheaper materials may be used for some parts. 
After any such changes have been made, a new model may be made and 
tested to make sure that the usefulness of the product has not been 
affected by manufacturing design. 

* John B. Stewart, ''Functional Features in Product Strategy/* Harvard Business Review , 
Vol. XXXVII, No. 2 (1939), pp. 65-78. 
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The Lag in Product Design. Although competitive pressures may 
require frequent revisions of product design in many industries, exist- 
ing knowledge of technology may. not be fully utilized in design 
development. One reason for the lag of design is that management may 
not possess complete knowledge of scientific advances and the improve- 
ments which technology makes possible. In some cases, management 
may believe that consumers are not ready to accept a complete revision 
of design and that changes must therefore be introduced gradually. 
Rapid changes also increase production costs. To keep costs at a mini- 
mum, design may be frozen until several changes are to be made. 

Differences in the points of view within the management group 
may also cause a lag of design. The plant manager may emphasize 
simplicity of design in order to relieve the pressure upon the manu- 
facturing organization. The engineer may prefer a product that will 
operate efficiently in the hands of the consumer. The sales director 
may wish to incorporate features that will make the product distinctive 
regardless of cost. The preferences of executives may be impossible of 
achievement in their entirety. 

Design of Container. For many products, package design assumes 
considerable importance. If the product is placed in a container during 
manufacturing, ease of filling and closing or sealing the package 
should be considered. Examples are fruit and fruit juice, salt, soap 
powder, and chemicals. The container also serves to protect the product 
during shipment. The size of the container should be planned in 
relation to the usual consumer purchase, which may be a pound, a 
quart, a dozen, or multiples of such quantities. Unit cost may affect 
the usual quantity purchased or sold. If the product is sold to a mail- 
order house or retail store which in turn sells to consumers, the 
quantity purchased by the ultimate consumer at any one time would 
influence the size of the package. 

Ease of loading and unloading trucks or freight cars should be con- 
sidered in planning the design of the package. In some cases, for 
example, the size of the pallet and the method of stacking cartons on 
the pallet should be considered. The weight and shape of the package 
should be planned in relation to the type of materials-handling equip- 
ment to be used, which might be a hand truck, lift truck, crane, or 
powered conveyor. Attention to the width of the freight car or truck 
and die number of rows of cartons in a car or truck might result in a 
saving of shipping space. 

Other considerations would influence package design if the product 
is to be displayed on the shelf of the retailer. The features would 
be color, shape, strength, ease of stacking, size, and display of contents 
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for inspection by the purchaser. If the product is sold to the consumer 
in the original package, additional factors would be the ease of opening, 
removing the contents, and resealing the package. Possible uses of the 
container after the product has been used would be important for 
some products. 

In planning the design of the package, both function and cost 
should be considered. If the product is packed in a metal container, for 
example, a cube-shaped can might use the least metal while a cylindri- 
cal-shaped can might make a greater appeal to the consumer. A box- 
shaped container might fit snugly into a truck while a cylindrical- 
shaped package might result in least waste from spilling. Package 
design depends upon a number of such considerations. 

DEVELOPMENT OF DESIGN 

In the development of the design of a product, specifications for 
parts and materials are established and the order in which the parts 
are to be assembled is determined. Such features as manner of opera- 
tion of the product, styling, and appearance are agreed upon. The 
first problem in design development pertains to the specifications and 
standards. 

Specifications. By specification is meant the standard of quality for 
a part or for the finished product. Standards of quality may be set 
for dimensions, tensile strength (as in wire or cable), the outline or 
contour of a part, smoothness of surface, chemical composition, color, 
and internal structure. These specifications should be established as a 
part of the work of design. They determine the nature of the manu- 
facturing process, and they are enforced through inspection. 

For a product made in quantity from a number of parts, specifications 
are necessary in order that the parts may be made interchangeable. If 
the product is made in small quantities, specifications are not so im- 
portant because the parts may be machined to fit when the product is 
assembled. When the product is made in large quantities, however, the 
separate fitting of each part is not feasible because of the expanse and 
the interruption of the flow of production that would be entailed. Parts 
may be manufactured and placed in the storeroom prior to assembly, 
but this arangement is possible only in case specifications are es- 
tablished. 

Permissible Variations. The specification indicates a basic or stand- 
ard-size from which variations are measured. However, a machine 
or a worker cannot make a pkrt with precisely the dimensions indicated 
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by the standard. The amount of permissible variation has been steadily 
reduced over the years of the machine age. In 1776, Bolton, a partner 
of James Watt, wrote as follows of the accuracy of the work: "Mr. 
Wilkinson has bored us several cylinders almost without error; that of 
fifty inches diameter, which we put at Tipton, does not err the thick- 
ness of an old shilling in any part.”® 

A variation as great as that referred to by Bolton would now be re- 
garded as very crude. In present-day equipment, the allowance for some 
moving parts may be no more than 0.00001 inch, although for other 
parts it may be as much as 0.01 inch. The amount of permissible varia- 
tion depends upon the use to be made of the product and the function- 
ing of the part. Very small variances would be permitted in parts for 
jet engines and missiles. Somewhat greater variances might be per- 
mitted in parts for vacuum cleaners or air conditioners. Even greater 
variances would be permitted in the parts for a metal awning or a doll 
carriage. 

The variation permitted in the manufacture of the part or the 
finished product is called an allowance. The extreme permissible 
dimensions are called limits. The largest permissible size is the 
maximum limit. This size leaves the most metal or wood on the 
part. The smallest permissible size is the minimum limit. This size 
limits the amount of wood or metal that may be removed. The limits 
and sizes are established in relation to the parts that are to be joined. 
The allowances are established with reference to the tightest possible 
fit, if the largest internal member is matched with the smallest external 
member. Tolerance is the allowable variation in size. It is the difference 
between the minimum and maximum limits. 

The cost of any machining or fabricating work depends largely upon 
the tolerance. To remove metal or wood from a part is relatively easy. 
The difficulty and the cost arise from the necessity for determining the 
proper place to stop. Close tolerances increase the cost of machine 
adjustment, machine repair, inspection, and rejects. Much of the cost 
of manufacture is due to the establishment of small tolerances, some 
of which could be made larger without impairing the efficiency of the 
product. Variations from the basic sizes are due to such causes as 
improper location of the work in the machine because of the lack of 
training or care on the part of the operator or because of chips or dirt 
in the machine, shifting of the work after it is placed in the machine, 
' inaccuracy of devices for holding the work, inaccuracy of the machine 

* Charles F. Kettering and Allen Orth, American Battle for Abundance (Detroit: General 
Motors Carp., Undated), p. 27 . 
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due to the stress of revolving or cutting parts, and inaccuracy of cutting 
or finishing tools as to size or shape. 

Development of Standards. Standards are established by one manu- 
facturer for his own products or by all of the manufacturers of an 
industry for certain products that are made and sold by all of them. 
When standards are established for the industry, each manufacturer 
agrees to make and sell only products which conform to the prescribed 
standards. The same agreement may provide for the reduction in the 
number of designs manufactured by the elimination of unprofitable 
and unneeded items. The agreement upon standards is called standard- 
ization, and the agreement for the elimination of some designs is 
called simplification. Because of the antitrust laws, the agreements are 
made under the supervision of the National Bureau of Standards. 

Standards pertaining to the product are of two kinds: industrial 
standards and commercial standards. Industrial standards prescribe 
the dimensions, composition, sizes, colors, grades, and other character- 
istics of the product. For example, an industrial standard may specify 
the exact properties of wire, lumber, wheat, or cloth. The standard 
may prescribe the chemical composition, the moisture content, the per- 
centage of foreign substances, the smoothness, or the tensile strength of 
a material or a product. The standard may also prescribe the method 
of testing or inspecting the product. Industrial standards may be es- 
tablished by the individual company, a trade association, or an engineer- 
ing society. 

A standard of commerce, which is sometimes called a "consumer- 
standard,” is designed to protect the purchaser or ultimate consumer 
as well as the manufacturer. It is a measure of the quality, per- 
formance, dimensional characteristics, or other properties of a product 
destined for use by consumers. It covers terminology, grades, sizes, 
and use characteristics of manufactured products. The agreement for 
establishing a standard may include methods of listing, rating, and 
labeling in order that a product made in conformity with the standard 
may be readily recognized by distributors and consumers. 

The need for commercial standards arises in part from competitive 
practices and the difficulty of the consumer in evaluating a product 
which he finds offered for sale on the market. For example, formerly 
the mark "gold filled” on an article indicated merely a process of 
manufacture without any significance as to the quantity of gold applied. 
The weight ratio varied from 1 part gold alloy to 10 parts of base metal 
to 1 part alloy to 500 parts of base metal. The cheapest quality was an 
extremely thin coating. The .standard now requires that the label for 
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a gold-filled product indicate both the ratio of the weight of the 
gold alloy to the weight of the base metal and the karat fineness of 
the gold. The minimum weight ratio is 1 to 20. 

A second need for commercial standards arises from the difficulty 
which the average consumer has in determining the performance which 
may be expected from the product. For example, when a consumer 
purchases a clinical thermometer, he may be unable to test it to de- 
termine whether it registers properly. The commercial standard assures 
reliable and standard performance. The requirements of the com- 
mercial standard include the following: 

Construction, in which quality of glass, appearance, marking, range, and 
details of graduation are specified. 

Character of the pigment, in which a test is required to determine the resistance 
of the pigment to removal by disinfecting solutions. 

Test for entrapped gas. 

Hard shaker test. 

Retreat test, to determine whether the constriction in the bore is properly made. 

Accuracy, in which the maximum allowable errors in registration are specified. 

Ageing for four months to guard against changes in the constriction. 

A certificate to accompany each thermometer to guarantee compliance with the 
requirements. 

A third need for standards arises from the use of specifications in 
ordering merchandise or parts. A purchasing agent who specifies that 
materials are to be of "good workmanship” or "best commercial qual- 
ity” is using a very vague standard. He should not purchase by stating 
that goods ordered are to "be like the merchandise I bought last time.” 
The most satisfactory way of ordering is to indicate the standard as 
prescribed by the industry or trade. Fuel oil, for example, is bought 
and sold in specified grades according to distillation, viscosity, carbon 
residue, flash point, pour point, maximum water, sediment, and ash. 
The purchaser need only specify the grade required to be assured of 
getting the proper quality. Similarly, the grades of rope are based 
upon the kind of fiber, the diameter, the weight per foot, the oil con- 
tent, and the breaking strength. 

Standards of volume and of measurement are also used by pur- 
chasers. Such standards include gallon, quart, pound, and yard. The 
canners have standardized tin cans in forty-one sizes. The sizes com- 
monly used for canned foods, such as No. 1, No. 2, No. 2^, are 
generally known and easily recognized. A housewife may order canned 
food by can size with complete assurance as to the size of the cans that 
will be delivered. 
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A fourth need for standards arises from the desirability of making 
certain parts interchangeable. A standard of this kind which .was 
reached many years ago is the standard distance between wheel flanges 
of railway cars. The observance of this standard is necessary for the 
transfer of railway rolling stock from one line to another. Transfer- 
ability of cars also requires the standardization of couplings, bumpers, 
air brakes, brake connections, clearances, and other features. A 
standard of great convenience to consumers is the base and socket of 
the incandescent electric lamp or bulb. All electrical manufacturers 
have adopted the standard which was first fixed 'by Thomas A. Edison. 
1116 standard indicates a diameter of the lamp of 1.031 to 1.037 inches 
and a thread depth of 0.033 of an inch. Although some lamp sockets 
and bulbs are larger or smaller than the usual size, the purchaser of a 
bulb is not required to try the lamp in the base to determine whether 
it will fit. Until threads on pipe connections were standardized, fire- 
fighting equipment frequently could not be used in neighboring cities 
because the water hose could not be connected to fireplugs. Another 
lack of standards which has plagued motorists has been the height of 
bumpers. A standard bumper height for automobiles, station wagons, 
and light trucks has been recommended by the Society of Automotive 
Engineers and approved by the automobile industry. Automobile 
manufacturers feel the need for a standard size of license plates, which 
are made in 66 sizes in the United States and Canada. The lack of 
uniformity in size has prevented the treatment of the license plate as 
an integral part of the body design and has required the continued use 
of external brackets, which invite theft. In other lines of product 
the existence and observance of standards is a great convenience to the 
consumer who wishes to replace a part, such as a slat in a Venetian 
blind, an electric fuse, or a switch. 

Limits of Standardization. Standardization has definite limits 
which are established by the needs of consumer industries and individ- 
uals. However, the needs of consumers are recognized and protected 
in the setting of the standards. If needs of consumers are found to be 
inadequately provided for, a revision of the standard may be adopted. 
Style features in some lines of manufacture may preclude standardi- 
zation. However, the standard as promulgated may permit variations 
in certain specified respects. For example, the standard for china 
plumbing fixtures provides for lavatories attached to the wall or un- 
attached. It specifies that the prescribed dimensions do not indicate de- 
signs. Four basic colors, in addition to white, are regarded as standard 
— green, blue, ivory, and peach-brown; but each manufacturer may 
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determine the tint in accordance with his individual production prob- 
lems. 

Standards should be regarded as temporary and dynamic rather than 
permanent or static. Unless provisi'on is made for a revision of the 
standard, experimentation and improvement in the product may be 
hindered to the detriment of the industry and the public. For this rea- 
son the standard should be regarded as a means whereby the "mem- 
bers of an industry may be permitted to go forward together.” It 
should not be regarded as a means of stabilizing an industry. 

Standards are accepted by manufacturers and distributors because 
they meet recognized needs. The observance of a standard by the 
producer is desirable, provided that the needs of consumers are ade- 
quately safeguarded. Distributors and consumers find in a standard an 
assurance of quality and performance. 

Design a Staff Function. In a large enterprise, design is a special- 
ized and technical engineering service performed by a staff department. 
Product design in some organizations is a major activity, and the per- 
son in charge reports directly to the president or general manager. 
The reason for the emphasis placed upon design is that the success of 
the company may depend upon the appeal made to consumers by the 
product in comparison with the products of competitors. The appeal is 
based upon price, quality, color, service, and other features previously 
mentioned. Moreover, the work of product design is continuous be- 
cause of technology and style trends. 

In most manufacturing enterprises, product design is a department of 
the manufacturing division. In such an organization the design 
engineer reports to the director of manufacture. In any event, product 
design is an important engineering activity, and it should never be 
thought of as the routine construction of drawings. The design 
engineer should have a knowledge of both the mechanical and the 
artistic phases of the problem. He should be familiar with the methods 
of manufacturing and of selling, and he should keep informed of the 
progress of technology in his own and related lines of production and 
with developments in consumer markets. In some companies, the work 
of product design is a responsibility of the sales division. The rela- 
tionship to sales is especially close when style changes are important. 
This situation exists, for example, in the manufacture of dresses, 
millinery, and other articles of clothing. The sales division can best 
evaluate market tendencies and develop new designs to take advantage 
of market trends. 

The fact that design is a staff function means that the design 
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engineer is not in a position to make changes in the product or to direct 
the production of a new model. Decisions of this kind are made 
after recommendations by the design engineer and approval by the 
line officers, possibly by the president and the heads of major divisions. 
The decision to change the design can be made after estimates have 
been made by the sales division as to the probable reception of the 
product by customers. The cost of manufacturing the product should 
be estimated by the cost accounting department in co-operation with 
the methods department. It may be necessary also to revise plant lay- 
out. The purchasing department may be consulted as to the availability 
of materials. If the manufacture of one product is to be discontinued 
when a new one is introduced, important considerations would be the 
unfilled orders of customers for the old product, the supply of the old 
product in the storeroom, the necessity of supplying customers with re- 
pair parts, and the time required to make the changeover to the new 
product. These problems indicate the reason that a change in the 
design of the product should be authorized by top management. 

In small establishments the design of the product is frequently the 
work of the line organization. The enterprise may not be large enough 
to support a separate staff department, and the proprietor or manager 
may originate changes in design with the aid of his managers or de- 
partment heads. In custom-made merchandise the product may be 
made according to blueprints and specifications prescribed by the 
customer. 

Importance of Timing. In the development of new designs and 
new styles, the timing of the decision to discontinue research and de- 
velopment, to begin production, and to place the new product on the 
market is extremely important. If the research is continued for too 
long a time, competitors may announce a similar product first and 
thereby gain a decided advantage in advertising and distribution. If 
the decision is made prematurely, a poorly designed product may be 
placed upon the market with unfortunate results for the reputation of 
the manufacturer as well as for the sale of the product. The adver- 
tising and promotion of the sale of the product should also be 
planned in relation to the time of delivery to dealers or other dis- 
tributors. 

If the sale of the product is related to a seasonal demand, the im- 
portance of timing is increased. Examples are articles for beach wear 
for summer use, sleds and toys for sale in the fall and winter, books 
for use as texts with the opening of the school year, or articles of cloth- 
ing. The slow development of designs in such cases may cause the 
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manufacturer to miss the market. Poor timing may be caused by the 
necessity for consulting various persons. In a large organization with 
several horizontal levels of management, a proposed change in design 
may require not only the approval of several departments but also 
that changes be authorized by higher levels in the organization. The 
approval of a policy committee may be necessary. The relative ease of 
obtaining approval in a small organization partially explains the 
persistence of small enterprises in many branches of manufacturing 
where style changes are important. 

ELIMINATION OF UNPROFITABLE DESIGNS 

A manufacturer may find that the product line has become over- 
extended through the development of an excessive number of unre- 
lated products or the addition of too many sizes, colors, styles, or other 
variations. This situation may arise because research has enabled the 
company to develop new designs or because a study of market conditions 
has indicated a latent demand for new varieties. If unprofitable items 
are not dropped when new designs are added, the product line may 
become overextended. 

Pressure for New Designs. One reason for the expansion of the 
product line is that management wishes to reduce market risks through 
diversification or to increase the volume of sales to reduce the over- 
head expense per dollar of sales. New products may be added as the 
result of industrial reasearch or the creative ideas of persons in the 
management. The research division may have found a way to utilize 
waste and scrap, or it may have discovered new manufacturing methods, 
new kinds of raw materials, or new applications of scientific knowl- 
edge. Expansion through the development and design of new products 
may be planned to provide financial stability through the seasonal 
dovetailing of demand. The expansion may enable the company to 
reach markets in new territorial areas or to gain any one of many 
other advantages in production, sales, finance, or general manage- 
ment. 

In most companies, the management attempts to prevent an un- 
profitable expansion of the product line. The addition of a new product 
or a new variety may require the approval of a policy committee or an 
executive committee whose members include the major executives. 
Members of the committee will inquire into the effect of a proposed 
new design upon such problems as purchasing, storage, inventory con- 
trol, the planning of production, the requirements for new manu- 
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though the number of saws they require might be very small. This 
study includes also probable future trends in respect to the needs of 
consumers. The committee recommends to the industry the items that 
it believes can be eliminated to the advantage of manufacturers, dis- 
tributors, and consumers. A general conference of interested parties is 
then called to discuss the recommendation. A simplified-practice recom- 
mendation may be adopted. This recommendation lists the sizes or 
types which appear adequate to meet all normal demands. A standing 
committee is appointed by the trade association to confer with mem- 
bers and to encourage general acceptance of the simplified-practice rec- 
ommendation. Each manufacturer is asked to accept the report and to 
make only the types of product recommended by the committee. Pro- 
posals for amendment of the recommendation may be made to the 
trade association for consideration at any time. Revisions may be 
necessary because of technological developments, competition within 
the industry, or developments in other industries. When the original 
recommendation is amended, the number of types of product to be 
manufactured may be increased or decreased. 

Government participation in the program of simplification is usually 
required because the antitrust laws prohibit combinations in restraint 
of trade. A reduction of the varieties of a product which is effected 
by manufacturers who act solely on their own initiative, might be re- 
garded by the Department of Justice and the courts as the first step 
toward forming an agreement for price fixing or other restraint. 
Therefore, the co-operation of the Commodity Standards Division of 
the National Bureau of Standards is usually sought by the trade as- 
sociation in the formulation of any simplification program. 

QUESTIONS 

1. Should a manufacturer attempt to establish the trend in design or should 
he follow style trends established by other manufacturers? Explain the risks that 
might be incurred by either plan. 

2. To what extent are trends in design established by the manufacturer and 
to what extent are they established by consumer acceptance? Illustrate by refer- 
ence to a. specific product, such as dresses or automobiles. 

3. The copying of designs, which is called "design piracy," destroys the value 
of a design for the dress manufacturer and requires him to bring out a succession 
of new designs. Since his sales to customers depend upon the constant obso- 
lescence of existing designs, why should the manufacturer object to the practice? 

4. What social costs are involved in the changing of the designs of auto- 
mobiles each year? What are the social gains? 
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5. With what products is light weight an important quality? 

6. How can a manufacturer determine in advance of production and sale 
whether consumers will like his product well enough to buy it at a price that 
will permit him to make a profit ?- 

7. A container manufacturer designs a can for beer. What problems might 
he have in gaining acceptance? 

8. Why might the people in the company more readily agree to the addition 
of a new design to the product line than they would agree to the dropping of 
a design or a product? 

9. Show the importance of the standardization of parts to mass production, 
the assembly-line method of production, the cost of the product, and the human 
relations problems within the company. 

10. Why are unprofitable colors, sizes, and styles of product sometimes added 
to the line of products? 

11. Why is the discontinuance of an unprofitable variety of product some- 
times difficult? Discuss with reference to consumers, the sales organization, and 
the manufacturing division. 

12. Show the relation of container design to manufacturing cost, shipping 
costs, the problems of the retailer, and consumer acceptance. 


CASES 

32. PROPOSED REVISION OF PACKAGE DESIGN 

The Dixie Cereal Company makes and sells a limited line of breakfast cereals. 
Its principal products are rolled oats, including a variety that can be cooked in 
five minutes, and hominy grits. The products are packed in cylindrical-type con- 
tainers which follow a design that was adopted about forty years ago. Each pack- 
age carries a picture of a southern gentleman, which is printed in colors of blue, 
gray, and white. This package has been made familiar to a whole generation of 
shoppers and customers through advertising, store displays, and its use in home 
kitchens. The sales of the company have been consistently good, but volume has 
not increased in proportion to the population or the sales of other companies in 
the cereal industry. 

The company has been approached by a consulting firm which specializes in 
product design and packaging. The firm has urged the management to redesign 
its package, and it has offered its services in developing a new package. The 
representative of the firm has pointed out that many packaged cereals are being 
sold on the basis of premium offers, which utilize the design of the package in 
making the appeal. These premium offers assume a variety of forms. Some offers 
of the cutout variety carry the premium as part of the package. The customer can 
cut out a log hut, a doll house, a space ship, or some other toy from the cardboard 
composing the package. Another variety provides a premium which is mailed to 
the customer in return for a coupon cut from the package, though in some cases 
a small cash payment is required. Other cereal companies enclose a premium in- 
side the package, and some supply the dealer with the premiums which are dis- 
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tributed to customers in return for the coupon. In each case, the package is 
designed to carry the appeal and to inform die customer of the premium offer. 

The representative of the consulting firm uses the argument that frequent re- 
visions of product design are necessary in order to convey the impression that the 
company is keeping abreast of current developments. He argues that advertising 
is ineffective unless it can stress a new feature of the product. A well-known 
example is a cosmetics manufacturer who frequently changes the name of his lip- 
stick or face cream, devises a new color or odor for the product, and changes the 
theme of the advertising. The change in the product is actually very small, but 
it affords an opportunity for more effective newspaper, radio, and television ad- 
vertising. The representative contends that a basic principle of product design is 
continuous revision and new sales appeal. j 

The company has also been approached by a manufacturer of paper containers 
who would like to develop a new design. The container company has a staff of^ 
artists, designers, and market specialists who are experienced in the development 
of new cases, cartons, boxes, wrappings, and labels. The container company has 
been particularly successful in designing containers which hold six bottles or cans 
of the beverage. These containers are assembled by folding operations which 
require no glue. They have resulted in a substantial increase in the sales of soft 
drinks. 

The Dixie Cereal Company hesitates to discard its traditional package design. 
It believes that no real purpose would be served by the change and that the com- 
pany would lose the good will associated with the present design. Moreover, the 
management believes that a cereal should be sold on the basis of the quality of 
the product rather than a premium. 

Questions: 

1. What would the company gain by a revision? 

2. How would its advertising program be affected ? 

3. If it introduces a premium offer, what form should the offer take? 

33. STANDARDIZATION OF PRODUCT 

The Carlson Bottle Company, with a large plant in Pittsburgh, makes an as- 
sortment of glass bottles. Several other companies in Pittsburgh make bottles, but 
the Carlson Bottle Company does about 20 per cent of the business in the area. 
The bottles are sold to chemical companies, beverage manufacturers, and canning 
and preserving concerns. Practically all of the bottles produced are made to the 
order of the customer. 

The process of manufacturing bottles is relatively simple. Raw materials in- 
clude silica, soda ash, and lime. The ingredients are measured and mixed and 
then heated in tank furnaces which hold from 100 to 1,000 tons. The mixture is 
melted and refined, and it then flows into a cooler section of the furnace which is 
separated from the first section by a floating fire-clay partition. The mixture is 
then fed through an opening, and a sufficient amount to make a bottle is measured 
and sheared. The molten material drops into a mold which has been especially 
made according to the specifications of the customer. Three molding operations 
-and an annealing treatment to remove possible strains in the glass complete the 
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manufacture of the bottle. All of these operations are fully automatic. From one 
furnace, sufficient material can be fed to keep as many as five sets of molds fully 
occupied at one time. 

The company has no difficulty in making bottles of different shapes, provided 
they require the same amount of Materials of the same color. Orders from differ- 
ent customers are classified by size, and the molds required for making bottles of 
the same size and color are set up in the molding department at the same time. 
Since the same amount of mixture is extruded from the furnace each time, no 
additional cost is incurred in making bottles of different shapes except the cost 
of making the molds and changing molds in the machine. 

In recent years the users of bottles have begun to order special colors of glass 
as well as special shapes and sizes in order that their product may be readily iden- 
tified by customers at retail stores. The use of different colors and shades has 
presented a difficult problem to the Carlson Bottle Company and has substantially 
increased the costs of manufacturing. The molding operation could not be used 
to run orders for several customers unless the bottles were of the same color and 
could be made of the same mixture. The making of bottles of different colors 
meant frequent changes in the mix in the tank furnaces. Bottles of especially 
colored glass could not be sold at a profit at the usual prices. 

The company has been considering the possibility of installing a series of small 
tank furnaces. However, the initial cost would be large; and operating costs 
would also be larger than the cost of operating the large furnaces. Another possi- 
bility is that of obtaining orders from customers far enough in advance to permit 
the grouping of a number of orders by size and color. An effort might be made to 
induce customers to accept one of a limited number of special shades and colors. 
If the customer would not accept a standard shade, he would be charged a higher 
price. 

Questions: 

1. Should the company attempt to supply any color of bottle in any size and 
shape? 

2. Should higher prices be charged for special colors and sizes? 

3. Should the company approach its competitors in an effort to obtain agree- 
ment on a program of standard sizes, shapes, and colors ? 

34. PROPOSED STANDARDIZATION OF DESIGN 

Agnes Mann was an excellent seamstress. She was approached from time to 
time by some of her acquaintances with the request that she alter dresses which 
they had purchased at local clothing stores. The alterations included shortening 
or lengthening dresses and skirts, letting out or taking up hems, putting on a 
different type of button, and changing the fit about the neck and shoulders. 
Agnes made a charge for her work, and she was soon able to build up a good 
business. 

Some of the women who were often unable to buy a dress of proper fit in the 
stores suggested to Agnes that she might make the dress to fit without the neces- 
sity for alterations. The making of a complete dress would result in a better fit 
and eliminate the necessity for ripping seams, trimming the cloth, and remaking 
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the dress. Eventually Agnes extended her activity to dressmaking as well as fit- 
ting and altering garments purchased at local stores. The principal customers 
were the women who had difficulty finding a properly fitting garment because of 
their unusually large or small measurements. Customers also included some very 
tall and some very short, stout women. 

At first, Agnes’ customers would purchase the dress materials and a pattern 
at a local store. The pattern was helpful, although Agnes might be required to 
cut the cloth differently from the pattern. In time Agnes began to buy dress 
materials for sale to customers who wanted her to make garments for them. This 
arrangement was helpful to the customers because many of them could not select 
materials that were becoming to their size or height, and some bought a cloth 
that was unsuited to the kind of dresses they wantei-Other materials in time were 
bought for use in making dresses. For example, Agnes stocked buttons, thrpd, 
seam binding, zippers, and snaps. Additional sewing machines were purchased, 
three helpers eventually were hired, and the business was moved to a new bund- 
ing. \ 

Agnes thought that she should now begin to make dresses in advance of orders 
from her customers. She could make garments during the slack periods before a 
season began, and with slight alterations she could fit the dress to the customer. 
She could purchase an electric cutter that would enable her assistant to cut the 
materials for ten or even twenty dresses at a time. Agnes would continue to cater 
to women who had difficulty finding dresses of the proper fit, style, pattern of 
cloth, and color at the usual stores which catered to the women of average build 
and taste. Agnes was sure that she knew her customers well enough to serve in 
this manner. 

Questions: 

1. What would be the advantages of the proposed plan of making dresses in 
anticipation of demands from customers? 

2. What difficulties might be encountered ? 
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17 Inspection 
of the 
Product 

In preceding chapters, the development of the product has 
been traced through the phases of basic and applied research, product 
design, and the establishment of standards for materials and products. 
The next step is the manufacture of the product in the operating depart- 
ments which utilize the physical facilities of production. Quality de- 
pends largely upon the materials used in production, the plant facilities 
and processes, and the skill of workers and supervisors. The work is 
inspected at various stages in production to compare the quality with 
predetermined standards. 

Although all persons in the manufacturing division should be 
concerned with quality, inspection is usually a separate function 
which is assigned to a separate department. In order that inspectors 
may be free to require the observance of quality standards, they should 
not be placed under the jurisdiction of foremen or general foremen. 
They cannot serve as a check on the operating departments unless they 
are free of their control. The chief inspector, who supervises the work 
of inspection, should report to the plant engineer or the plant super- 
intendent or, in some cases, to the chief executive. 

The place of quality control in the organization will depend upon 
the nature of the product and the emphasis that management wishes 
to place upon quality. In a company that manufactures medicines or 
drugs, for example, the quality control function might be assigned to 
a major division with a vice-president in charge. This function would 
be of less importance in a paper company or a lumber mill. Although 
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quality should not be neglected in any company, the quality control 
function might be assigned to a department in the manufacturing di- 
vision. 


PURPOSES OF INSPECTION 

Inspection plays an important role in the manufacture of a quality 
product. The purpose of inspection is to see that the standards for 
materials, parts, and the finished product are maintained. The inspec- 
tion of materials is necessary to prevent payment for defective ma- 
terials. Unless they are inspected, defects, might not become knojsvn 
until sometime after materials or parts have been issued for use. Pro- 
duction schedules would be delayed, and excessive labor costs might 
be incurred by payment for work on defective materials. At various 
stages in production, work in process may require inspection to prevent 
the expenditure of additional labor on work that does not meet thfe 
required standards. 

Inspection is necessary to the manufacture of a product with inter- 
changeable parts. A worker on the assembly line should not be ex- 
pected to try a number of parts to find one that will fit, and he should 
not be expected to machine a part. Although the parts need not be 
exactly alike, they should be of the same dimensions within the limits 
established by standards and tolerances. 

The maintenance of standards is designed to assure that the product 
will meet customer approval in such respects as satisfactory mechanical 
performance, the finish of enamel or paint, cleanliness of fabrics, and 
other details. Public safety also requires inspection of such parts as 
electrical appliances, cables, cranes, and automobiles. 

One objective of inspection may be the prevention of excessive costs 
in labor or materials on products of a quality in excess of the required 
standards. For example, a worker may continue to wax furniture or 
to polish chromium or jewelry even after the work has been satis- 
factorily completed. Tin may be wasted by giving sheets a heavier coat- 
ing than the specifications require. In the manufacture of metal con- 
tainers, sheets that are suitable for fruit cans might be used for making 
antifreeze or oil cans at unnecessarily high cost. In fruit canning, ex- 
cessive cost would be incurred by the use of large-size unblemished 
fruit as materials for fruit cocktail. 

Another purpose of inspection is to permit the correction of defects. 
Metal parts that are too large after processing may be refinished to 
size, although parts that are too small may be no more than scrap. Im- 
perfect finishes may be corrected by polishing or by sanding and re- 
finishing. Uneven threads in a shirt may be removed and replaced by 
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reweaving. Packages of granulated soap or sugar that contain too much 
or too little of the product may be brought up to standard by removing 
or adding the necessary quantity. Errors made by a typesetter are cor- 
rected after they have been discovered by a reading of the proof. 

Inspection may be designed to rate or grade the product. The im- 
perfect articles may be marked as such and sold to the trade or per- 
haps to employees at a lower price. Examples are shirts, shoes, 
linoleum, bedspreads, towels, and ceramics. Materials classed as sec- 
onds may be used in making a lower grade product. Examples are 
small fruits used in making cocktail or the bruised portions of animals 
used in making fertilizer or soap. Irregularly shaped or dented bars 
of soap, broken lumps of sugar, and improperly shaped glass jars 
may be remelted and recast. Dented cans of fruit are sometimes sold 
locally at reduced prices. The shaving cream from dented tubes may be 
used to reclaim certain ingredients such as glycerine. Printed forms in 
which holes have been improperly cut or in which the printing is out 
of line are only waste paper. 

Another purpose of inspection is to provide information concerning 
the efficiency of persons in the management or in the work force. For 
example, inspection may indicate that the most suitable material is 
not being purchased, that the employment procedure is not resulting in 
the selection of the best workers, that a training program is needed, 
that the wage system does not adequately reward good workmanship, 
or that defective or spoiled work is not being properly reworked. 
If the number of rejected pieces is large, management may find that the 
tolerances are too close, that supervision should be improved, or that 
machine tools are not being properly repaired or maintained. 

Inspection should provide information to show the amount of good 
and poor work done by each worker. An employee who has done poor 
work may require more training or additional supervision. He may 
be transferred to another job, or he may be dismissed. If workers 
are given a bonus for quality, or if they are paid a piece rate, inspection 
may be necessary to determine the number of good pieces produced. The 
inspection report should indicate the number of parts inspected, the 
number accepted, and the number rejected. Defects should be traced 
to the worker, the vendor, or the machine. 

WHEN TO INSPECT 

The time of inspection varies in part with the nature of materials 
or products. Purchased materials and parts are usually inspected when 
they are received. In some cases, materials or products are inspected in 
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the plant of the vendor during or after completion of the manufactur- 
ing processes. A shirt manufacturer, for example, sometimes contracts 
with textile mills for the manufacture of special fabrics of a specified 
weave or pattern. To assure that the materials will be of the desired 
quality, the shirt manufacturer may place an inspector in the plant of 
the textile mill. A fruit-packing company that contracts to buy the 
fruit from an orchard may inspect the fruit before it is picked. A 
milk-processing company may protect itself as to the quality of milk 
by inspecting the barns and the cattle of the farmer. 

Work in process usually cannot be inspected by professional inspect- 
ors at every step in production. Usually the management establisheslcer- 
tain control points where errors may be detected before serious losses 
have been incurred. How many control points should be established 
and which points should be selected will depend upon the nature of the 
product and the manufacturing processes. Parts may be inspected be- 
fore they are moved to a very expensive operation where an additional 
cost increment will be added to a part that might later be scrapped. 
Another common control point is the last operation in one depart- 
ment when parts are ready to be moved to the next department. If 
a later operation might conceal defects in a part or a component, the 
items should be inspected before the work is done. Examples of 
such operations are painting, plating, and enclosure in a case or box. 
The payment of a bonus for quality would also be a factor in the fre- 
quency of the inspection and the establishment of control points. 

The product is usually inspected when it is finished. A motor is 
tested and broken in on a test stand. A washing machine, an electric 
iron, or an electric fan is connected with power lines at the completion 
of the assembly operations and its performance checked. Electric fuses 
and lamps are inspected by trying them in electrical connections. Tin 
cans and other containers are tested to assure that none have holes. The 
final inspection frequently serves as a check on the inspectors at 
earlier stages of production. 

WHO INSPECTS 

On the basis of who does the inspection, the work is usually classi- 
fied as professional inspection, voluntary or worker inspection, auto- 
matic inspection, and machine inspection. Usually these methods are 
combined, and one company may employ all of them. 

Professional Inspection. Inspection is said to be professional in na- 
ture if it is conducted by a member of the inspection department who 
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is designated as a professional inspector. The inspection department 
performs a staff function, which is a service to the operating depart- 
ments. Since inspection is alsQ a check on the work of the operating 
personnel, the head of the inspection department should not be respon- 
sible to the foreman or the division chief but may report to either 
the director of manufacturing or the general manager. However, he 
reports to the general manager only in industries where quality of the 
product is considered of primary importance. 

Worker Inspection. Voluntary or worker inspection, as the name 
suggests, is inspection by the worker himself. In many types of 
mechanical work the operator may be supplied with a simple gage 
which he can use to inspect his work as it comes from the machine. 
A common type of gage is a "go-and-no-go” gage, which is used to 
test the size of a piece or the threads of a bolt or pipe. This gage 
consists of a piece of metal with two openings of different sizes. The 
openings indicate the outside limits of the piece. If the part can be 
inserted in both openings of the gage, it is too small. If it cannot be 
inserted in either opening, it is too large. The part must be of such 
size that it can be inserted in one opening but not in the other. The 
worker may use such a gage to inspect the first parts produced after 
the machine has been started. If the first parts do not pass inspection, 
he adjusts the machine and tries again. After the parts appear to be 
standard, the machine may be operated continuously, with occasional 
testing. If parts are found to be nearing the limit of tolerance, the 
machine should be adjusted before the limit is reached, to prevent the 
necessity for rejecting defective parts. In other words, the worker 
should always aim at the ''bull’s-eye,” which is the mid-point of the 
limits set by the standard. 

Worker inspection is also used where visual methods of inspection 
are employed. For example, a worker who is engaged in the polishing 
of jewelry or in assembly work should inspect his own work visually be- 
fore passing the product to the next operation. He may also inspect the 
work done at preceding workplaces in the line, as in the manufacture 
of clothing or the assembly of an instrument. Any worker who dis- 
covers a defect should report it before other operations are performed. 
The advantage of worker inspection is that defects are discovered at an 
early stage and at less cost than would result from professional inspec- 
tion. The limitation is that defective materials or parts may be passed 
by the worker because of indifference, carelessness, or inability to 
distinguish defects. 

Worker inspection is sometimes combined with the packing of the 
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product for shipment to the customer. For example, workers at the 
end of the production line for glass bottles may inspect each bottle 
for air bubbles or other defects before putting it into a shipping carton. 
Workers who pack apples for shipment are expected to discard any 
fruit observed to contain bruises or blemishes. Bags of sugar are in- 
spected to see that they are properly sealed. In all of these cases, the 
product has already been inspected at several work stations and receives 
a final inspection before shipment. 

Automatic Inspection. Inspection is said to be automatic if one 
part is fitted to another in the assembly of a product and if only standard 
parts can be made to fit. Defective parts are automatically rejectee by 
the worker on the line. Ordinarily, this method cannot be used satis- 
factorily because the progress of the work requires that all defective 
or nonstandard parts be rejected before they reach the line. ' 

Machine Inspection. When parts are inspected by a machine, the 
work of inspection is usually regarded as part of the work of pro- 
fessional inspection. However, some machines have been perfected to 
the extent that machine inspection may be regarded as a separate type 
of inspection. For example, in an automobile factory, each car passes 
over a steel plate in the floor as it nears the end of the production 
line. If the wheels are not properly aligned, the steel plate moves 
to one side and makes an electric contact that rings a bell. A can 
manufacturing company uses a machine to inspect tin cans for leaks. 
The machine automatically rejects any defective can and passes the 
good cans to a conveyor belt that carries them to the shipping 
room or the loading platform. Machines are commonly used to inspect 
for weight certain packaged products such as sugar or soap. Packages 
that are over- or underweight are automatically set aside. Inspection 
devices have also been developed to provide a continuous check on the 
thickness of steel sheets or a coating of enamel. A similar device will 
automatically measure the dimensions of parts that are machined on 
a lathe and reject parts that are not within the prescribed limits. 

HOW MUCH TO INSPECT 

The question of how much to inspect presents two problems to the 
management. The first problem pertains to the percentage of the ma- 
terials, parts, or products to be inspected, and the second problem con- 
cerns the method of determining the proper amount to inspect and of 
judging the entire lot on the basis of the results of the inspection of the 
sample. 
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Partial or Complete Inspection. When work is done by manual 
labor rather than by machine, it is usually necessary to inspect every 
piece. An example is the work of a typesetter who sets type for a 
book or of a typist who writes letters. The fact that a part of the 
work is correctly done cannot be accepted as evidence that no mis- 
takes have been made in other parts of the work. However, the 
decision depends in part upon the importance of the task and upon 
the need for careful workmanship. The auditing of accounting records 
is one type of inspection; but auditors do not usually consider that 
the verification of every entry is necessary, unless the sample selected for 
verification is found to have a number of errors. Inspection is usually 
regarded as adding nothing to the value of the product. No more 
inspection should be done than is necessary to accomplish the purposes. 

When work is done on a semiautomatic or an automatic machine, 
it is usually necessary to inspect only a part of the work. The 
worker may adjust the machine and inspect the first few parts by the 
use of a gage or other simple inspection device. As the parts are 
processed by the machine, the operator may put them in numbered 
trays or boxes in order that the professional inspector may know which 
parts were produced first. The inspector would later check some of 
the parts in the first tray, some from the middle tray, and some from 
the last tray. If these parts meet the standard, he can be assured that 
the machine was properly set for the first part and that it continued 
to operate in proper adjustment. If defective parts are found, it may 
be necessary to inspect the entire lot. The judging of an entire lot by 
the inspection of less than 100 per cent of the number of units is 
called "sampling” or "partial inspection.” The increased use of machines 
for inspection has decreased the cost and has made complete or 100 
per cent inspection feasible in many cases where partial inspection 
was formerly employed. Complete inspection by a machine is cheap 
after the machine has been made. 

Use of Statistical Methods in Inspection. In the inspection of 
many commodities, 100 per cent inspection is not feasible because the 
cost of complete inspection would be excessive. In other cases, com- 
plete inspection is impossible because the units inspected are destroyed 
or made unusable by inspection. For example, when cans of food 
are opened for inspection in a packing plant, the fruit is usually given 
to employees. In a glass factory the bottles and jars thaf are tested 
in a laboratory are sometimes subjected to increasing weight until 
they break. Some containers are cut from top to bottom to permit a 
measurement of the thickness of the glass, arid others are broken in the 
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making of tests for stresses and strains. Other products that may be 
destroyed in the course of tests are electric fuses, cartridge caps, coal 
tested for heat units, and wire tested for tensile strength. In such 
cases, statistical methods and sampling techniques are employed to 
answer such questions as the following: 

How large a sample should be inspected ? 

How should the items in the sample chosen for inspection be selected from 
the lot? 

When the number of defective items in the sample has been determined, how 
can the number of defective items in the entire lot be estimated ? I 

What is the possible or probable percentage of error in the estimate of the total 
number of defective items? \ 

What percentage of defective items in the sample is sufficient to justify the 
rejection of the entire lot? 

How can the number of defective items in various samples or lots be charted 
or tabulated from one week or month to the next in order that unfavorable trends 
may be detected and the causes corrected ? 

Statistical inspection is based upon the fact that the measurement of 
the quality of a manufactured product is always subject to chance 
variability. In every specific method of production, some stable "pat- 
tern of chance causes” exists; and, within the stable pattern there is 
variability. The variability may extend beyond the usual pattern. 
Any variation outside the stable pattern is due to causes which may 
be found and corrected. The problem in statistical inspection is to 
determine the assignable causes of quality variation as distinguished 
from the chance variability. 1 

A few simple illustrations may be cited to indicate what is meant by 
"chance variability.” An-occasional blemish in a piece of cloth may be 
due to a broken thread or a knot tied to start a new spool of thread'. 
An off-color bottle or jar might be due to an accidental dropping of 
a foreign substance in the mix or failure to clean the hopper thoroughly. 
A hole bored in wood or metal at an irregular angle might be due to 
the failure of the worker to brush away all shavings before seating 
rite material. In such cases a few defects would not be significant. 
But if the charting of the variations shows an increase in the number 
of defective parts, the cause may be attributed to some basic defect 
which requires correction. 

If parts are produced at a machine, some variations in the. dimensions 
may be expected. If the planned thickness of a part is 1.0 inch, for 

1 For discussion of statistical methods of inspection, see Theodore H. Brown, "Quality 
Control," Harvard Business Retriqg, Vol. XXIX, No, 6 (1951), pp. 69-80. 
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example, a variation of 0.002 may be permissible, and the parts may 
therefore pass inspection within the range of 1.002 to 0.998 inch. 
If the output of the machine follows the usual pattern of the prob- 
ability curve, part sizes can be charted by means of a frequency bar 
chart or a frequency histogram which would take the shape of the 
usual bell curve. In this curve, however, the values would be clustered 
about the value of 1.0 inch, with perhaps a few parts falling outside the 
acceptable range. 

Sample parts produced at the machine may be inspected at regular 
intervals of time, and the results of the inspections may be entered on a 
simple line chart for better interpretation of results. As long as the 
machine is producing normally or in control, the average dimension 
of the parts should measure 1.0 inch, and variations would fall largely 
within the area 1.002 to 0.998 inch. If the machine should fail to 
perform properly because the tool becomes worn or other difficulty de- 
velops, the average dimension might increase to 1.002 inch, and the 
dimensions might vary from 1.000 to 1.004 inch. The operation would 
now be described as out of process. The machine should be stopped 
and the cause of the variation corrected. 

When a chart is prepared to show the dimensions of parts, the 
average of all parts inspected is charted rather than the dimensions 
of each item. Either the arithmetic mean or the median dimension of 
the parts may be shown. The chart would also show the extent of the 
deviations from the average. Average deviation may be used, but 
standard deviation provides a better statistical measure. The standard 
deviation is not computed for each sample, but it is quickly determined 
by reference to tables prepared by the use of computing machines. The 
extent of the deviations from the average may be as significant as the 
trend of the average dimensions. (For an illustration of statistical in- 
spection, see Case No. 37.) 

WHERE TO INSPECT 

The inspection may be made on the production floor or in the labor- 
atory. Inspection on the floor is usually easier if the product is bulky 
or heavy, if inspection is visual, or if special equipment is not necessary. 
Floor inspection is usually better if the work can be effectively done 
in the shop because defects are more quickly found and corrected. 
Losses resulting from the continued production of defective parts are 
less likely. Laboratory inspection is necessary if special machines or 
equipment are required. 
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. In most companies, both floor inspection and laboratory inspection 
are used. To illustrate, in a fruit-packing plant, floor inspection is 
used for peaches to assure that all seeds and peelings have been re- 
moved, to see that the cut is uniform and proper, and to assure 
uniformity in size and appearance. Laboratory inspection is used for 
samples of the canned fruit, which are inspected for vacuum space, 
amount of head space, gross and net weight, sugar content, color 
and quality of the fruit, and number of pieces to the can. In a soap 
factory, floor inspection is used to control color and shape of bars 
and to assure dearness of brand name and cleanliness of wrappings. 
Laboratory inspection is used for chemical analysis and tests fof 
moisture content. Both incoming materials and soap products are 
given tests of this kind. \ 

KIND OF TEST IN INSPECTION 

The nature of the test in inspection depends upon the materials, 
parts, or finished product. Some of the common tests are designed to 
assure that the standards as established in the design of the product 
are maintained. They include tests for accuracy of dimensions, contour 
or profile of parts, strength of material, smoothness of surface, chemical 
composition, color, and internal flaws. 

Accuracy of Dimensions. Mass-production industries with inter- 
changeable parts are dependent upon scientific measurement, which 
has made steady progress since the beginning of the nineteenth century. 
The accuracy of dimensions is measured by instruments that are con- 
trolled by the operator through the sense of touch rather than the 
sense of vision. One of the oldest and best-known measuring devices 
is the caliper, which was invented in 1631 by Pierre Vernier. The. 
caliper consists of two fingers which are usually curved or bent. The 
distance between the fingers is controlled by turning a screw or worm 
wheel similiar to the method of moving the jaw of an ordinary monkey 
wrench. One complete turn of the worm wheel moves the points 
of the calipers a distance equal to the width of one thread on the 
wheel. This distance is subject to accurate measurement. One-half 
turn or any other fraction of a turn moves the points a corresponding 
fraction of the width of a thread. The caliper thus permits measure- 
ments to very small fractions of an inch. Some calipers are so con- 
structed that the fingers grasp or measure the outside dimensions of a 
part, and others are so designed that the fingers can be inserted inside 
a part to measure inside, dimensions. 
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An adaptation of the caliper is the micrometer. This instrument is 
defined as "a caliper gage with micrometer screw attached, used for 
very exact measurement.” The micrometer is usually adapted for the 
measurement of outside dimensions, but it may also be made to 
measure inside dimensions. A micrometer used to measure either inside 
or outside dimensions is shown in Figure 33. The instrument is 



Courtesy of Richards Machine Tool Co, 


FIG. 33. Micrometer for Measuring 
Inside or Outside Dimensions 



Courtesy of Federal Products Corp, 

FIG. 34. Gage for Inspecting Outside 
Dimensions 


equipped with 3. dial which records the distance between the movable 
spindle and the anvil or frame. This instrument will measure dimen- 
sions to 0.0001 of an inch. A gage which provides a specific reading or 
definite measurement is called an indicating or a measurement gage. 
A gage of this type is illustrated in Figure 34. 

The manufacture of missiles and rockets has required increased ac- 
curacy of gages, micrometers, and other devices for inspecting dimen- 
sions. In these products, a very small variation in the dimensions of a 
part ma y mean the difference between success and failure of a project. 
With perhaps 100,000 parts in a missile, a small variation in a few parts 
will greatly multiply the difficulties. 2 Similar considerations apply to the 
accuracy of parts in an automobile, which is expected to operate at high 
speed for hours at a time. 

*E. W. Ziegler and R. S. Rice, "Inspection Today,” Factory Management and Main- 
tenance, Vol. CXVI, No. 10 (1958), pp. 96-101. 
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A gage may indicate only that a measurable characteristic is within 
certain limits. This type of gage is called a limit or fixed gage. An 
example is the "go-and-no-go" gage previously mentioned. Another 
limit gage is the plug and ring gage, which consists of two parts: 
a ring with threads on the inside and a plug with threads on the 
outside. Holes are tested with the plug gage. Special gages, which 
are equipped with dials similiar to the one shown in Figure 34, are 
made to measure length, width, squareness, thickness, and shape of 
threads; the location of holes bored in a plate; and the uniformity of 
the diameter of a material, such as a wire. , Especially designed gages 
are also used to test the accuracy of the shape of a hole as well aslits 
size. The hole that engages a shafting, a piston, or an axle must be free 
of mechanical defects to prevent undue vibration, weakness, wear, anp 
unsatisfactory performance. A hole may be tapered, crooked, irregular, 
or bellmouthed. A gage inserted inside the hole will register such 
irregularities. 

Because gages are valuable, a close control is usually established 
over their storage, issue, and return to stock. Because they are deli- 
cate and subject to wear, records of the inspection and repair of gages 
are also kept. The accuracy of gages is checked regularly, and the 
checks may be made daily or weekly. The checking is done by com- 
parison of the measurement as determined by the gage with the 
measurement by a master gage. Inspection of gages is done under con- 
trolled temperatures and atmospheric pressure. 

Profile Inspection. If a part is irregular in shape, the prescribing of 
a series of dimensions may be difficult or impossible. The standard for 
parts of irregular shapes and a variety of dimensions may prescribe 
the profile or contour of the entire part and certain of the limiting or 
over-all dimensions. Examples of such parts are gears, wheels, razor 
blades, and steel rails. Inspection for profile or contour may be made 
with the use of a rigid metal form which has been made to fit the 
part or die product according to specifications. 

A very useful machine for measuring or comparing the contour of 
small objects is the optical comparator, which operates on a principle 
known as "optical projection." By means of a series of mirrors or 
reflecting devices, the machine magnifies the profile of the object 
being inspected and throws a clear reflection of the contour upon a 
glass screen, which resembles the screen of a television set. A master 
chart, which is drawn in accordance with a prescribed standard, may 
be placed upon the screen for comparison with the part. The number 
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of times the profile of a part may be magnified depends upon its 
size. Very small parts may be magnified to sixty or more times their 
size. In this way, defects that are undetected by ordinary visual inspec- 
tion show up very clearly. Another use of the comparator is to check 
the wear of gages and other inspecting equipment for scratches and 
gradual wear. The comparator is also used to inspect ball bearings, 
electric-shaver parts, knife blades, golf balls, threads of lamp bulbs. 



FIG. 35. Comparator for Inspection of Profile of Parts 


beads, saw teeth, and other parts. Figure 35 shows an inspector using 
such a machine to inspect the profile of a part. 

Strength of Material. Incoming materials and finished products 
are frequently tested for strength. For example, steel companies make 
tests of the strength of sheet steel, bulletproof jackets, and wire. Cable 
companies test insulated wire for tensile strength and the amount of 
f rfrtipn required to remove the insulation. Glass companies subject 
bottles to tests of internal pressure and weight. Tin can manufacturers 
test tin cans to determine the number of pounds of pressure the can will 
withstand. This test is made by the use of a machine that puts an in- 
creasing amount of pressure upon the can until it bursts. Since the 
ran usually bursts at the seams, this test applies to the seams rather 
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Courtesy of American Can Co. 

FIG. 36. Device for Testing Tin Cans 

This machine subjects the inside of a can to pressures far beyond the pressure in actual use. 


than the material. The machine used to test tin cans is shown in 
Figure 36 . 

Smoothness of Surface. The smoothness of the surface is a relative 
matter. In many products a surface which appears smooth to the eye is 
satisfactory. Examples are bricks, linoleum, the base of a stove, or 
the top of a kitchen table. Visual inspection of smoothness may 
therefore be sufficient. A more accurate method is to use a machine 
for testing smoothness or roughness. One type of machine gages the 
surface roughness by measuring the resistance to the passage of com- 
pressed air between the surface being inspected and a smooth steel plate 
which is placed upon a product. 

Chemical Composition. In a great variety of the products of indus- 
try, standards have been established for chemical composition and the 
permissible percentage of impurities. The standards are made by the 
manufacturer of the materials and also by the purchaser. Examples 
of materials for which chemical standards are important are glass, 
fertilizers, dyestuffs, sugar, soap, alloys, and paints. Tests for chemical 
composition usually require laboratory or central inspection. 

Color. In the mixing of colors for dyeing textiles or making paint, 
the problem is to make each new batch like the standard. In the auto- 
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mobile industry the method has been to mix colors according to 
formula and to take frequent samples for inspection during the mixing 
process. The sample is compared with the master panel by an expert 
color matcher. Machines are rflso made to compare colors mechanically 
by measuring the light rays reflected from a painted surface. This 
device is faster and more accurate than visual inspection. Other ma- 
chines are available to sort a product, such as cigars, according to color. 

Inspection for Internal Faults. A method of testing metals and 
other materials for flaws, such as cracks, breaks, shrinkage areas, and 
porous conditions, by means of supersonic vibrations has been applied 
in the inspection of steel, aluminum, magnesium, brass, glass, and 
plastics. The device has been especially valuable in the discovery of 
hidden defects in crankshafts, railroad car axles, cylinder blocks, and 
other large metal parts. The machine transforms an electrical vibra- 
tion into a different type of vibration which is called a "high-fre- 
qency” or "supersonic” vibration. This change is effected by means 
of a quartz crystal. The supersonic vibrations are transmitted into the 
material being tested. The vibrations from the material are directed 
back to the machine where they are fed into an amplifier and are re- 
flected upon a small glass screen. A flaw or internal defect in the 
material shows as a break in the line of vibration on the screen. The 
machine indicates not only the existence of a flaw but also its extent 
and its depth. This information is of much value in making repairs. 

Wood which is imported from areas where fighting has occurred 
frequently contains metal from shrapnel or rifle bullets. The metal 
in the wood will seriously damage machine tools if an attempt is 
made to process the piece. Wood from trees that once served as fence 
posts may also contain metal. The presence of metal in a piece of wood 
may be detected with a sounding device which is built on the prin- 
ciple of the mine detector used by the military services. An X-ray 
machine is sometimes used to detect internal flaws in small parts. A 
picture is taken of 100 or more parts and the defective units are 
identified by their location or position in the picture. This type of 
test has the advantage of detecting internal flaws without destroying 
the material or the product. Its use has been increased by new appli- 
cations of science to industrial techniques. 

MANAGEMENT OF INSPECTION 

The work of inspection is important because it affects relations with 
vendors and customers and also because it affects the efficient and 
smooth operation of production. An early discovery of defects and 
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correction of the process may prevent serious losses. The passing of 
defective work by inspectors or a failure to inspect may result in 
financial losses as well as unfavorable customer relations. 

The first requirement in the management of inspection is that the 
inspector should be instructed as to quality standards, which include 
acceptable quality levels for both measurable and nonmeasurable de- 
fects. Inspectors should be trained in methods of inspection and types of 
reports to be prepared and filed. Persons should be selected for this 
work on the basis of their ability to make the tests. For example, an 
inspector might be required to have manual dexterity, arithmetical 
accuracy, good vision, or ability to distinguish colors. He may need\ 
tact and firmness in dealing with foremen and other persons. He needs \ 
a certain amount of technical skill in using measuring instruments and 
judgment in selecting samples. Management should establish methods ' 
of evaluating inspectors for accuracy, display of tact, and other traits. 

The responsibility for quality should be established, and each person 
should know what is expected of him. The persons who are concerned 
with quality include the engineers who design the product and establish 
specifications, the purchasing agent, foremen, and workers, in addition 
to the inspectors. A foreman may make the decision that a machine 
is properly set to begin operations. If an inspector finds that some of 
the work is below standard, the foreman or his superior would decide 
whether to continue or to stop the operation. If the work is defective, 
the responsibility rests with workers and foremen rather than inspectors. 
The inspector performs a staff function, and he should not assume 
line authority by directing workers or issuing orders. Unless manage- 
ment properly determines standards and organizes the work of in- 
spection, important questions concerning quality and costs will be 
made at a low level in the organization. 

QUESTIONS 

1. Distinguish between inspection and quality control. 

2. Why is worker inspection desirable? Under what circumstances is it 
feasible ? 

3. Should a worker be paid only for the parts that pass inspection when he 
is paid by the piece? 

4. Under what circumstances might the purchaser advantageously inspect 
parts or products in the plant of the vendor when the products are being manu- 
factured according. to customer specifications? 

5. If a product is consumed or destroyed by inspection, how can the buyer 
determine the proper number to inspect? 
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6. What types of tests would a fruit-packing company use in inspecting cans 
of peaches? At what point or stage of production would the inspecting be done? 

7. What defects might the inspector look for in inspecting a shirt? 

8. Explain desirable qualities in a book other than the subject matter. 

9. Why is the establishment of close tolerances sometimes undesirable from 
the point of view of the manufacturer? Illustrate by reference to specific products. 

10. What is meant by control points? What determines the number and the 
places where they are set up? Does the concept of control points have application 
outside inspection? Illustrate. 


CASES 

35. A PROGRAM FOR QUALITY IMPROVEMENT 

The president of the Acme Shirt Company, Mr. Foote, received a complaint 
letter from a customer, which he referred to Mr. Myers, the plant superintendent. 
The letter read as follows: 

"I have just returned from a day at the office where I wore one of your shirts. 
My neck has been rubbed almost to the point of bleeding by the saw-like teeth 
which protrude along the circumference of the collar. How can you picture in 
your advertisements a man enjoying the comfort of one of your shirts when the 
collar is so rough it takes the skin off the wearer’s neck?” 

Mr. Myers sent the customer two new shirts for each one he had bought and 
asked for a return of the defective shirts together with the box in which they had 
been shipped. The shirts were found to contain rough edges as the customer had 
stated, and by means of the markings on the shirts and the box the defects were 
traced to the operator who was responsible. The cause was found to be a needle 
with a blunted point which pulled out a thread in the cloth each time a stitch was 
made. When the shirt was starched, the points did resemble the teeth of a saw. 

Mr. Myers decided to investigate the whole question of quality. He learned 
that inspection was done by the sampling method and that many defective shirts 
were being shipped to customers. When a batch of shirts was found to be de- 
fective, some could be reworked to correct such defects as buttons out of line, 
broken buttons, and pockets improperly placed. Shirts that could not be re- 
worked were sold to employees at a company store at reduced prices. The com- 
pany labels were always removed from such shirts before they were sold. 

The cost of defective work was so great that Mr. Myers decided to initiate a 
program to improve quality. Some of the causes of defects could be attributed 
to management, and Mr. Myers first attempted to eliminate these causes by con- 
sulting with the purchasing agent, the manager of the receiving room, the fore- 
man of the maintenance department, the manager of the cutting room, and the 
foremen. The personnel director was requested to review the methods of induct- 
ing and training new employees and the instructions issued to all workers in 
connection with each assignment of work. Each worker should know what he was 
supposed to do, how he was supposed to do the work, and the quality standards 
that he should maintain. Indoctrination should also cause workers to understand 
that they were in a position to maintain quality and the reputation of the com- 
pany for manufacturing and selling a quality product. 
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A quality-improvement campaign was inaugurated and the co-operation of 
foremen and all other persons in the management was requested. The program 
was initiated at a general meeting of workers and foremen. Workers were asked 
to submit suggestions for eliminating defects, and several suggestions were sub- 
mitted in the regular suggestions system. The usable suggestions were rewarded 
at premium rates. A plant quality committee was organized with members ap- 
pointed from the manufacturing, engineering, accounting, personnel, sales, and 
inspection departments. The committee met regularly for thirty minutes each 
week to present suggestions and to approve plans for improving quality. The 
committee formulated a program for convincing workers of the importance of 
maintaining quality standards. Methods used included posters, newspaper an- 
nouncements, and books of matches with quality slogans imprinted on the covet. 
Letters from dealers and customers relating to quality were posted on bulletin 
boards and printed in the plant newspaper. \ 

Mr. Myers was convinced that the management personnel and the workers- 
should be informed concerning the success of the program. The number of 
defects of each kind per 1,000 shirts was compiled each week and the figures 
were supplied to the union, published in the company paper, and sent to foremen 
and others by letter from the plant superintendent. A weighted index was also 
computed with point values assigned to each kind of defect. This index, which 
summarized the entire performance, was also publicized. The figures were re- 
viewed with foremen at their regular weekly meetings. 

The formal quality campaign was brought to a close after three months with 
another general meeting where the results were reviewed. The workers and fore- 
men of the various departments were commended for their co-operation. Prizes 
for slogans, suggestions, and outstanding performance were awarded. 

To prevent a lapse of interest and a return to the earlier poor performance, the 
company continued to compile and publish to both foremen and workers the 
figures for defects of each kind and the index of quality. However, the figures 
were based upon sample inspection because complete inspection was regarded 
as both costly and unnecessary. 

Required: 

Criticize favorably or unfavorably the campaign for quality improvement. 

36. MAINTENANCE OF QUALITY STANDARDS 

The main office of the National Glass Works, Inc., is in New York. Reporting 
directly to the president of the company is a vice-president in charge of research 
and quality control. His function is to develop standards of quality and to see 
that the standards are consistently maintained. 

One of the plants is at Oakland, California. At the Oakland plant, glass con- 
tainers are made and sold to local canning companies, beverage manufacturers, 
and other manufacturers. The plant is under the general supervision of a plant 
manager. The chief inspector, who reports to the plant manager, is responsible 
for the maintenance of quality standards as established at the New York office. 
The company has a laboratory ,at the Oakland plant where central inspection is 
given by the sampling method. A few jars or bottles of each kind are taken from 
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the production line for laboratory testing under the direction of a laboratory man- 
ager who is responsible to the chief inspector. A number of tests are made to 
assure that quality standards as established by the New York office and as specified 
in the sales contract with the customer are maintained. The bottle capacity is 
measured by filling the bottle with water and measuring the amount. Contour of 
the bottle is inspected by fitting a form or pattern around it. To measure its 
strength, the bottle is placed in a machine which applies an increasing amount of 
pressure upon it. The machine records the amount of weight which the bottle 
will carry without breaking. Another testing machine is used to apply an increas- 
ing amount of internal pressure within the bottle and to measure the amount re- 
quired to break it. In another test, a bottle is cut from top to bottom, and the 
thickness of the glass at each point is measured. The bottle is examined for 
internal pulls and strains within the glass. This test is made by placing the bottle 
in a viewing device which is equipped with special lenses. If the glass has no 
strains, the light rays reflected through it appear uniform in color. If it does have 
pulls or strains, the rays will indicate streaks of a bluish or purple color. Other 
tests may be made by visual inspection or by special testing devices. 

If any bottles are found to be defective, the lot from which the samples were 
taken can be determined by means of numbers which were imprinted upon the 
bottom of the bottle when it was formed in the mold. Corrective action to be 
taken depends on the nature and the seriousness of the defect. In some cases, a 
larger sample might be inspected or 100 per cent inspection might be necessary. 
A rejected lot would be broken, remelted, and recast. 

On the production floor, workers regularly make certain tests for quality. In 
the molding department, workers visually inspect containers as they come from 
the molds to detect any obvious defects. This inspection is by the sampling 
method. As the containers move to the packing and shipping department after 
an annealing process, they are inspected for outside shape and contour by a ma- 
chine which automatically rejects any container not of the right shape. This in- 
spection is 100 per cent. 

All containers move past a floor inspector toward the packing station. The in- 
spector uses visual inspection for color and possible blemishes in the glass. This 
worker is under the line control of the foreman of the packing department but 
observes instructions from the' chief inspector as to quality standards. As workers 
remove containers from the conveyor for packing in a corrugated shipping box, 
they inspect the bottom of each one for color, air bubbles, and other defects that 
might be detected by visual inspection. 

Required : 

1. Draw up an organization chart to show organization for quality control. 

2. Explain the relation of the quality control function to manufacturing. 

37. STATISTICAL INSPECTION 

A manufacturer of wire products received an order from the United States Navy 
for 10,000,000 compression springs for a fuse of a certain type. The dimensions 
were carefully detailed in the purchase contract with tolerances that were fairly 
close. Knowing that the specifications would not be easily met, the design de- 
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partment checked the machines to be used in production. It saw no reason for 
believing that any difficulties would be encountered. 

The production of the springs required inspection of incoming materials and 
work of precision in coiling, heat treating, grinding, and inspecting. Before pro- 
duction was started on any of the springs, all of the wire for the entire lot was 
gaged. The usual minor variations in the wire were discovered, though the dif- 
ferences were not great enough to justify the rejection of any of the wire. The 
wire was then ranked by size. According to the production plan, the largest wire 
would be used first and the smallest would be used last. This arrangement was 
followed in order that minor adjustments in the machines might be made as the 
work proceeded, and all adjustments would be made in the same direction. | 

As soon as the coiling operation was started, samples were carefully inspected! 
Chance variations were noted. When the dimensions of the springs in the loti 
were charted, they showed the usual bell-shaped curve with most of the springs^ 
having the exact dimensions specified. Although some of the springs were larger 
and some smaller than the specifications, all were within the allowable limits. This 
procedure was continued regularly with samples taken frequently throughout the 
day. As the results of each sample were charted, they were compared with the 
distribution as shown in similar charts for earlier samples. 

No significant variations in the samples were discovered until the third day 
when a sharp increase was noted in the number of units at one end of the curve 
on the chart. Estimates indicated that about 22 per cent of the coils were tejected 
and could be used only for scrap. A check of the tools and tool settings failed to 
reveal any cause of the trouble, but the inspector and the foreman knew that some 
difficulty had developed. 

In an effort to determine the cause of the trouble, a 100 per cent inspection was 
started. Complete inspection revealed that every third spring was defective. This 
information suggested that a feed roll was defective, since the rolls made a com- 
plete revolution for each three springs produced. The machine was stopped im- 
mediately, and the rolls were inspected. The shaft of one of the rolls was found 
to be slightly out of line. When this difficulty was corrected, production was re- 
sumed. Samples of the product then coming from the machine were inspected, 
and the results were charted. The samples were found to follow the usual bell- 
shaped curve within the allowable limits. The management estimated that the 
early discovery of the difficulty had resulted in a direct saving of $30,200 as com- 
pared with what the costs would have been if no inspection had been made until 
the completion of the order. 

Question: 

What principles of quality control are illustrated by this incident? 
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T HE establishment of a standard of production by which to 
measure the accomplishment of a worker, a group of workers, or a 
department is an important part of the work of the industrial engineer. 
Unless management has such a standard, it has no way of determining 
whether output is average, below average, or exceptional. Past per- 
formance is unreliable as a standard because it may result in the com- 
parison of current performance with a poor, average, or excellent 
rate of output. Standards are used not only for determining the pay 
or other reward of the worker but also for handling many manage- 
ment problems, such as estimating costs, determining completion dates 
for work planned, establishing a balance in plant layout, and handling 
worker complaints and grievances. 

Two techniques are used in the establishment of standards of pro- 
duction: methods improvement, or motion study, and time study. 
Methods improvement includes an analysis of the movements of the 
hands, arms, feet, and body of the worker in accomplishing the as- 
signed task. It also includes an analysis of the arrangement of the 
workplace, tools, and equipment. Conditions of work, such as ventila- 
tion, lighting, noise, and control of obnoxious or dangerous gases, are 
usually surveyed and improved. 

After studies of work methods have been made, the time required 
to do the task may be determined. Time study is used not only to 
measure the savings made by motion study but also to compare two 
or more motions or sets of motions to determine which requires the 
least time. Neither motion study nor time study is complete until 
workers who are assigned to the task have been trained in the new 
methods. 
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Motion studies are made to improve the methods of doing the 
various tasks. A task may be defined as a definite unit or piece of 
work to be done. The task should be distinguished from a job, which 
is an assignment of tasks to any one worker. The tasks that make up 
a job possess certain similarities, and they differ in some important re- 
spects from the tasks making up any other job. 

MOTION STUDY 

The work of making motion and time studies is usually combined 
with some other activities under the title of industrial engineering. In 
some companies, the standards are set by a standards, department or V 
methods and standards department. While the duties assigned to the 
department will vary, they might include such activities as methods\ 
improvement, estimates of labor cost for new products, investigation 
of new procedures and new methods, assistance in plant layout, analysis 
of materials-handling problems, training of workers and management 
personnel in methods improvement, and operation of the suggestion 
system. Related activities that may be assigned to the industrial engi- 
neering or standards department include job evaluation and incentive 
methods of wage payment . 1 

Purposes of Motion Study. Motion-study techniques were developed 
in great detail by Frank B. Gilbreth and Lillian M. Gilbreth, who 
were interested in eliminating useless motions and particularly the 
body motions. An increase in output naturally resulted from the im- 
provement. Another result is the reduction in the amount of time re- 
quired to manufacture a product. A shortening of the construction 
period increases the rate of turnover of work in process and decreases 
the overhead cost per unit. The savings are greatest when the motion- 
study technique is applied to the bottleneck operations, for greater out- 
put may be achieved from other workplaces all along the line. This 
improvement usually results in improved morale, since wasted efforts 
and exasperating delays create a feeling of frustration. 

The objective of motion study is sometimes described as that of find- 
ing the one best way to perform a task. This statement needs qualifi- 
cation, however, because workers differ in many respects, such as height, 
weight, strength, length of arms, manual dexterity, ability to use both 
right and left hands, and physical condition. Motion study may provide 

.the method for optimum performance under conditions prevailing 
> 

* H, B. Maynard, "Work Measurements,” Factory Management and Maintenance, VoL 
CXVir, No. 8 (1959), pp. 61-61. 



METHODS IMPROVEMENT 


345 


when the study was made. Differences between individuals may later 
require some modification in the methods prescribed for any task. 

Analysis of Motions. Before an attempt is made to simplify a task, 
the investigator should see precisely what the worker does in perform- 
ing the work. For example, the elements of the work of cutting gears 
with the hobbing machine, which was referred to in Chapter 6, might 
be as follows: 

1. Walk to machine. 

2. Place arbor of work between centers. 

3. Advance hob to work. 

4. Engage feed. 

5. Cutting by machine. 

6. Stop machine when work is completed. 

7. Run hob back. 

8. Remove arbor of work from machine. 

9. Inspect. 

While the machine is making the cut, the worker may prepare the 
next arbor of work. He may also perform steps 1, 2, 3, and 4, or 6, 7, 8, 
and 9 on another machine doing similar work. 

Therbligs. As a part of the analysis of the task the entire operation 
is studied, and the separate motions are listed. The three basic phases 
of any task are: Get ready, or preparation; Do it, or operation; and 
Clean up, or completion. These parts of the task are further subdivided 
into elementary motions which vary with the task, although all tasks 
consist of different combinations of the same elementary operations. 

The Gilbreths found that any task can be performed by a combination 
of eighteen detailed motions, which they called "therbligs.” The word 
"therblig" is Gilbreth spelled backwards, except that the last two letters 
in the name are not interchanged. The therbligs and their definitions are 
as follows: 2 

Therblig Definition 

Reach Consists of reaching for an object. 

Move Consists of moving a tool or a part. The object may be pushed, 

shoved, carried, or moved in the hand. 

Grasp Consists of taking hold of an object. 

Position Means to put material into place for processing, or to line up a part 
for assembly, or to put a tool to the material for use. 

* The therbligs listed here are the revised basic motion elements adopted by a committee 
sponsored by the American Society of Mechanical Engineers. 
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Therblig 


Definition 


Disengage 

Release 

Hold 

Do 

Examine 

Change 

Direction 

Pre-position 

Search 

Select 

Plan 

Avoidable 
De% 
Jjnavoid- 
able Delay 
Rest to 
Overcome 
Fatigue 
Balancing 
Delay 


Consists of separating two or more parts. 

Consists of letting go of a tool, a part, or an assembly. 

Consists of retention of material or part in a fixed position with 
either hand. 

Consists of assembling two or more parts or of applying a machine 
or hand tool to the purpose for which it was intended. 

Consists of viewing, examining, or testing a part or an assembly to 
determine whether it meets required standards. 

Consists of changing the line or the, plane along which Reach/ or 
Move is made. I 

Consists of locating a tool or part preparatory to the beginningpf 
the next therblig. \ 

Means the movement of the eye or hand in an attempt to locate 
an object. \ 

Consists of locating a part or a tool. 

Consists of mental processes of operator preparatory to beginning 
the next cycle of operations. 

Consists of stoppage of work activity for which the operator is 
responsible. 

Consists of waiting for material or repairs to the machine or for 
the machine to make a cut. 

Consists of seating oneself, changing position, or other activity or 
relaxation. 

Means delay of one hand caused by differences in the time required 
by two hands to perform separate motions. 


In the improvement of work methods, a complete cycle of therbligs is 
charted for both the right and the left hand. A simple motion chart for 
one hand in signing a letter is shown in Figure 37. In performing this 


Name of Therblig 

Motion 

Search 

Look for pen. 

Reach 

Reach for pen. 

Select 

Choose a pen for use. 

Grasp 

Grasp pen with hand. 

Move 

Move pen to letter. 

Position 

Put pen into position for use. 

Do 

Sign name. 

Move 

Return pen to holder. 

Release 

Release pen. 


FIG. 37. Chart of Motions in Signing a Letter 


task, tiie person may keep the left hand idle, or he may use it to hold the 
paper in position. A simple motion chart for both hands is shown in 
Fijjgure 38. 
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Left Hand 

Right Hand 

Name of 
Therblig 

Description * 

Name of 
Therblig 

Description 

Move 

Position 

Hold 

Do 

Move 

Get part No. 1 

Position part No. 1 
Hold for right hand 
Help right hand 

Give to right hand 

Release 

Move 

Assemble 

Do 

Grasp 

Aside finished piece 
Get part No. 2 

No. 1 and No. 2 

Weld 

Take from left hand 


FIG. 38. Motion Chart for Both Hands 


The reason for the reduction of an activity into its elements and for 
the designation of each element by name is to determine whether a more 
economical sequence is possible and also to determine what steps may be 
eliminated. The therbligs that do not contribute directly to production 
should be especially scrutinized. For example, the therblig Search may 
suggest that parts have not been properly positioned for use. The ther- 
blig Select may be eliminated by teaching the worker to take parts from 
a certain part of the container or the pile. Unavoidable Delay may be 
eliminated by changing the sequence of motions or rearranging the 
workplace in order that one hand may not be required to wait for the 
other to complete an operation, or by permitting the worker to attend 
two machines if the delay is due to the time required for the machine to 
process the part. Avoidable Delay is due to causes that may be elimin- 
ated. The therblig Plan may be eliminated or reduced by training the 
worker in the sequence of operations and by posting the sequence in 
front of him. The therblig Hold may be eliminated by providing a fix- 
ture for holding. 

Principles of Motion. The principles of motion are used as a guide 
in the improvement of any task. They were first published by Frank B. 
and Lillian M. Gilbreth in 1923 and have been only slightly changed 
since that time. One group of motion principles pertains to the motions 
of the right and left hands. One principle is that work is most effective 
if both hands begin their therbligs simultaneously and also complete 
them at the same instant. Less effort is required of the worker if the 
motions of the arms are in opposite and symmetrical directions and 
the motions are made simultaneously. If the arms are moved in the same 
direction, the worker must exert some effort to maintain the balance of 
the body, and he becomes tired sooner. Both hands should be used pro- 
ductively except during rest periods, although the idleness of one hand 
may be necessary at times because of the nature of the work. If both 
hands are idle because the worker must wait for the machine to process 
a piece or because he does not have material, an effort should be rf&de 
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to provide optional work to utilize the time, or to relax to overcome 
fatigue. Hesitation at any point should be studied to determine the 
cause, and an attempt should be made to eliminate it. 

Other principles pertain to the work of the observer. He should 
record the time required for the therbligs during each performance of 
the task. The variations in the time required should be listed. The causes 
of significant variations should be determined and eliminated if possible 
by rearranging the workplace or changing the sequence of the therbligs. 

Some principles pertain to fatigue. One principle states that unneces- 
sary fatigue should be prevented. The least fatigue is caused by finger 
motions. The next in order are finger and wrist motions; then finger! 
wrist, and lower arms; then upper arm motions; and finally body mo-' 
tions. The work should be planned to confine the motions to the least \ 
possible classifications. For the reduction of fatigue, the hands should 
be relieved of any work that can be done by the feet or other parts of 
the body. 

Several principles of motion pertain to the layout of the workplace. If 
possible, materials and tools should be located within the normal grasp 
area, which is bounded by the two arcs made by the hands and forearms 
as pivoted from the elbows. The maximum comfortable work area is 
bounded by the two arcs made by the arms extended full length. If the 
materials are further away, the worker will be required to get out of his 
chair or walk to reach a part. Materials and tools should be placed in 
definite locations (pre-positioned) to reduce the therbligs designated as 
search, find, and select. The arrangement of the materials and equip- 
ment should make possible a rhythmic set of therbligs and reduce the 
amount of planning required. The part required at the beginning of a 
cycle should be placed near the point of release of the finished piece 
at the end of the last cycle. 

Some of the principles of motion pertain to the equipment or the 
machine. Incoming materials or parts which may be moved to the work- 
place by conveyors should be deposited as close to the point of use as 
possible. In some cases the machine may be designed to eject the finished 
part or the assembly without any effort on the part of the worker. In 
other cases, the worker may dispose of the part by means of "drop de- 
livery.” By this method the operator releases the finished work in the 
position in which it was completed without moving it to dispose of it. 
The part drops into a container or moves through a chute to a container 
or conveyor. 

A workplace that has been designed for economy of motions is shown 
in figure 39. The chair provides support for the back. The height of 
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Courtesy of Victor Adding Machine Co • 
FIG. 39. Workplace Planned for Economy of Motion 
The worker is making a subassembly for an adding machine. 


the workplace is planned in relation to the chair. Most of the work can 
be done with parts that are available within comfortable reaching dis- 
tance. In this illustration, the work cycle has been lengthened to permit 
the worker to assemble a number of parts. A possible reason for the 
longer work cycle is the larger number of parts required to make an 
adding machine. 

The Methods Improvement Program. In the organization of the pro- 
gram for methods improvement, the first step is the selection of a task 
to be studied. The person in charge of the program should look for 
tasks that interfere with the orderly flow of work and unduly increase 
costs. In some cases, operations may be slowed because of the time 
spent in moving materials or in finding and positioning the right tools. 
The selection of the task for improvement will determine the possibili- 
ties of savings in the immediate future and in later months. 

Next, a flow process chart is prepared for the entire operation. This 
chart, which was discussed in relation to plant layout, shows the flow of 
materials through all of the steps required for processing. All of the 
operations, including move, store, process, and inspect, are listed and 
described. The distances moved and the time required may be indicated. 
The data entered in the chart are summarized to indicate the total num- 
ber of processes, storages, moves, inspections, and delays. The purpose 
of the process chart is to determine that the work is properly organized 
and that each step is necessary. The flow of work may be changed to 
eliminate unnecessary operations, shorten moves, reduce delays due 
to storage, provide for more economical methods of handling materials, 
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or combine two or more operations into one. A revised process chart is 
then made of the improved method. 

A study is next made of the methods used at each workplace. The 
arrangement of tools, the motions used, and the flow of materials are 
studied to see that they conform to the principles of motion. A motion 
study may be made to show the present method of doing the work, and 
the motions are studied in an effort to develop a better method. A way 
may be found that eliminates or reduces the number of such therbligs 
as search, select, unavoidable delay, hold, examine, or plan. The se- 
quence in which the motions are performed is questioned. Attention |s 
given to the arrangement of tools, containers, and materials. New toots 
and equipment may be provided. After the changes have been made 
and the motions have been improved, a new chart is prepared to $how\ 
the new method of performing the task. ' 

In working out the improved method, the person making the study 
takes into consideration both the technical and the human problems. The 
technical aspect concerns the cost and the greater efficiency of new tools 
and equipment that may be installed. The cost of the new equipment 
is compared with the ultimate savings to determine the advisability of 
purchasing it. The present facilities should be used unless economies 
from new equipment can be demonstrated. 

The human problems pertain to the attitude of the worker who will 
be affected by the change. People usually resist change because they 
cannot be sure how it will affect them, or they may fear that it will have 
an adverse effect. Since the purpose of methods improvement is to re- 
duce costs, they may expect that one or more workers on the job will 
be laid off or transferred. To gain their co-operation, they should be 
told how the change will affect them. The study will be most successful 
if they are willing to offer suggestions for improvement. 

Worker resistance will be encountered if the new method implies 
criticism of the foreman or the workers who have been using the old 
method without questioning it. The motion-study man should be careful 
not to suggest or imply that the person who originally planned the work- 
place and the work methods was incompetent. He should refrain 
from taking full credit for any improvement but should regard the new 
method as the result of joint participation. He should give attention to 
safety regulations and working conditions as well as economy of method. 

Training the Worker. After the best way to perform a task has been 
determined, all workers at that work are taught the easiest and quickest 
way, and all of them are expected to use it. Frank Gilbreth contended 
that a person who began his training to become a bricklayer should work 
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fast from the beginning, even though his work was not up to standard 
in quality. He said that, if necessary, a skilled bricklayer should follow 
the beginner, tear down the bricjcs, and re-lay them. He held that the 
making of simultaneous motions was the most important feature of 
the work and that a worker who began by working slowly could not 
easily learn to work fast at a later time. If he began by working rapidly, 
Gilbreth said, he could later perfect his motions and attain quality and 
accuracy. Observers in other fields have not always agreed with this 
point of view; and some contend that correct motions and accuracy of 
work, as in typewriting, should be sought from the beginning, even at 
the sacrifice of speed. 

An instruction sheet is prepared for use in training the worker. It 
indicates the method of performing the task as developed by the motion 
study. It gives a description of the work to be done, including the speci- 
fications for the part and the tolerances or variances that are permitted. 
It describes the material to be used in the processing and identifies them 
by number, size, or other exact means. TTie machine and the machine 
tools to be used are indicated ; and a drawing of the machine after it has 
been set up may be included, together with any special instructions for 
operating the machine. Finally, the motions to be performed by the left 
and right hands and, in some cases, by the feet are listed ; and the names 
of the therbligs for each motion are given. 

Economies of Motion Study. The savings effected by motion study 
have been demonstrated many times and are no longer the subject of 
controversy. They arise from improvements of the workplace and con- 
ditions of work, the elimination of useless motions, and the development 
of more effective motions. Motion study also requires that management 
pay greater attention to the selection of workers in order that they may 
be willing and able to learn new methods. Since motion studies cost 
money, management should regularize employment as much as possible 
tc reduce the cost of training new employees. 

Motion studies effect the greatest economies if a large number of 
workers are engaged in the same type of work. A reduction of 25 per 
cent in the time required, for example, means greater dollar savings 
when more workers are employed in the same operation. If the task is 
not changed from one year to another with changes in design of the 
product or changes in equipment, the economies are increased because 
the savings are continuous. The amount of training, skill, or experi- 
ence required of the worker is also a factor because jobs requiring such 
traits are hi ghl y paid. Better balance in the output of different work 
stations may be achieved by increasing output at bottleneck operations. 
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The worker gains from motion study in that he is usually given an 
opportunity to increase his earnings. Motion-study economies may be 
reflected in increased profits, lower prices to consumers, or higher wages 
to workers. Just how the economies are distributed depends upon the 
supply of goods in the market, the competitive position of the company 
in the industry, the strength of labor organizations, and other factors. 
The long-run effect is also different from the short-run effect. Taylor, 
Gilbreth, Gantt, and other pioneers in management agreed that, to 
secure the co-operation of workers in makingthe economies, a part of 
the savings had to be passed on to them as higher wages. { 

The Gilbreths found that motion studies increased the interest of the 
worker and made him more alert and more efficient . 8 During the period 
when motion studies are being made, the effect is educative. The work- 
er learns to think of all activity in terms of motions and elements of 
motions. When he is later assigned to a new task, he learns the work 
faster with comparatively little coaching. 

As for monotony, the Gilbreths said that a feeling of monotony re- 
sults from a lack of interest rather than from repetitive motions. Inter- 
est is created by motion study. Worker attitude is improved by the 
elimination of useless and ineffective motions. A feeling of satisfaction 
and accomplishment results from doing the work in an efficient manner. 
The change is usually reflected in more suggestions from workers for 
methods improvement, increased enrollment in training courses, a more 
alert staff of junior executives, and an increased interest in manage- 
ment. The worker also gains from the elimination of such motions as 
walking back and forth, stooping, twisting the body, and lifting heavy 
materials. These motions are the most wasteful and also the most tiring. 

Objections to Motion Study. The most serious objection to motion 
study is that it prescribes a fixed set of motions and tends to destroy 
initiative, creativeness, and interest in the work. Although some motion- 
study men attempt to gain worker co-operation by having him make 
suggestions, the technique remains autocratic in nature. The industrial 
engineer who makes the study leaves no freedom to the worker. He 
prescribes the setup of the machine, the layout of the workplace, the 
tools to be used, the arrangement of materials and parts at the work- 
place, and the motions of the right and left hands. The worker has no 
responsibility beyond following instructions . 4 Under such limitations, 

• Frank B. Gilbreth and Lillian M. Gilbreth, "The Effect of Motion Study upon the 
Workers," Annals of the American Academy of Political and Social Science, Vol. LXV 
(1916), pp. 272-76. 

‘ See B. B. Gardner and D. G: Moore, Human Relations in Industry (3d ed.; Homewood, 
III,: Richai4 D. Irwin, Inc., 1953), pp. 393 ff. 
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the worker is unlikely to develop a sense of belonging. He may feel 
that management regards him as a machine or a factor of production 
rather than as an individual. 

Management may defend motion study by saying that modem in- 
dustry, with its machine production of standardized products in quantity, 
does limit the freedom of workers and all other persons in the organi- 
zation. Both laborsaving machinery and work standards limit the 
opportunity for creativeness in order to gain greater productivity. Fur- 
thermore, a worker who is left to his own devices will usually fall into 
a fixed pattern of motions. Motion study attempts to see that he adopts 
efficient instead of inefficient motions. To overcome worker objections, 
it is important that the right approach be made at the time the study is 
made and later when workers are trained in the new methods. 

Some persons contend that motion study is unsound because it dis- 
regards differences between workers. Workers differ in natural abilities, 
training, and education. Psychological and manual dexterity tests show 
wide differences in people. To require all workers to use the same set 
of motions may create nervous tensions similar to those caused by re- 
quiring a left-handed child to write with his right hand. This criticism 
may be valid in some cases; but it clearly would not apply to most phases 
of motion study, such as the elimination of stooping, bending, lifting, 
and other tiring motions. 

Another phase of the motion-study technique to which objection is 
sometimes made is the combination of the motions made by two or more 
workers to form a single set of motions. If one worker has found a 
short cut at one phase of the operation and another worker at another 
phase, the motion-study man may combine the two short cuts to get a 
more efficient method than either worker had before. Psychologists 
point out that the new series of motions may be impossible to attain, 
and that the rate at which one muscular pattern functions in one person 
is not necessarily an indication of its possible speed in another. It is also 
pointed out that the rate of output is not always a safe basis for judging 
the effect upon fatigue, since the nervous system may be seriously affected 
by a rigidly enforced pattern of motions. The increase in production that 
follows the making of motion studies may be the result in part of the 
introduction of an incentive method of wage payment and other changes 
which accompany the study. 

Because a fixed set of motions may cause nervous strain, it has been 
suggested that motion studies should be undertaken primarily to make 
the work less tiresome. The studies might increase the pleasure the 
worker derives from the work by enabling him to work effectively and 
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to develop a sense of rhythm. The possibility of an increase in produc- 
tion should be regarded as a secondary objective. Moreover, motion 
studies should not attempt to force all workers to adopt a standardized 
set of motions regardless of their differences. Instead, the studies should 
suggest lines of improvement which the worker might accept or adapt 
to his own requirements. 

Effect upon Employment. The economies of motion study are ex- 
pected not only to reduce fatigue but also to reduce the time required 
for the task. Some workers may be displaced. Provision for the trans- 
fer of such workers to other jobs may become* necessary, and the trans- 
fers may be facilitated by a program of retraining. The effect is much 
the same as the effect of technological unemployment which may result 
from the introduction of laborsaving machinery. Protection of the 
earning power of workers who are displaced by motion study is neces^ 
sary if their co-operation is to be gained. 

WORK SIMPLIFICATION 

The motion-study technique has been modified by the use of a new 
approach to the worker, which is sometimes called "work simplification.” 
This modified technique is based upon the idea that worker co-operation 
is necessary to the success of methods improvement and that the way to 
gain worker co-operation is to permit his participation. This apprpach 
not only evades the traditional objection that scientific management is 
autocratic but also seeks to obtain worker suggestions for methods 
improvement. 

The work simplification program is usually directed by a time-study 
engineer who is selected because of his interest in the work and because 
of his ability to gain co-operation. He works with small groups of ten 
to fifteen people, and he may continue with one group after another 
until he has reached all of the employees in a section. In some cases, 
participation in the program may be limited to foremen, assistant fore- 
men, and others in the management. A regular meeting one hour in 
length may be held each week on company time, and suggestions for 
methods improvement are requested as the program proceeds. 

After an initial discussion of objectives, the group may study the use 
of process charts, and each member may be asked to prepare a chart 
of operations with which he is familiar. The operation at any one work- 
place is then subjected to detailed analysis through motion studies and 
the listing of the motions made by the worker. In most cases, the mem- 
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bers of the group are able to suggest improvements. To be effective, the 
program should stimulate a continuing interest in methods improvement 

When the workers are brought into the program of work simplifica- 
tion, the study of methods improvement may begin with the individual 
task. To dramatize the idea, one or more members may be asked to 
perform a simple task such as inserting pegs in the holes in a block. 
Many different methods may be used, and the conclusion that all ways 
are equally effective would obviously be incorrect. The director of the 
study would then demonstrate the best method. Different methods of 
removing the pegs and returning them to a box might also be demon- 
strated. This simple illustration usually arouses much interest and 
causes workers to question all traditional methods of performing different 
tasks. The principles of motion are subsequently developed, and appli- 
cations are made. In return for constructive suggestions, rewards are 
usually given under the company suggestions system. 

HUMAN ENGINEERING 

As explained in Chapter 10 in connection with machine design, a 
machine should be built with a view to ease of operation. Some of the 
principles of motion economy as developed by the Gilbreths also pertain 
to the layout and arrangement of the workplace and the design of the 
machine. The study of machinery and equipment and their adaptation 
to the needs of the worker are phases of human engineering.® 

A simple illustration of the possibilities of human engineering is 
shown in Figure 40. In the illustration, the material was fastened in 
small bundles, loaded on a truck, pulled to the storage area, and 
stacked on the floor by manual labor. The movements of the worker’s 
hands may be traced by the lines in the picture. These lines were made 
by means of lights affixed to the worker’s hands in accordance with a 
technique that the Gilbreths perfected. By another method, the ma- 
terials may be fastened to form a single bundle, placed on a pallet, and 
moved to the storage area by means of a worker-propelled lift truck. 
They can be unloaded in a single operation; and when they are again 
moved, the pallet and load can again be picked up and moved by one 
operation. This improved method not only reduces the number of 
motions but also eliminates the work of lifting and carrying. 

Human engineering precedes motion study and work simplification 

‘Jade W. Dunlap, "Human Engineering: What It Is and What It Can Do for You,” 
Factory Management and Maintenance , Vol. CXI, No. 1 (1953), pp. 96-99. 
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Courtesy of Signode Steel Strapping Co • 


FIG. 40. Motions Required for Movement of Materials in Small Bundles 

by adapting the machine and the work environment to the needs of the 
operator. It includes not only machine design but also the arrangement 
of the aisles and passageways, lighting, ventilation, the use of color, 
noise control, communication systems, and the length of the work cycle. 
Human engineering also recognizes the limitations of the worker in 
such respects as the keenness of visual perception, his ability to with- 
stand the effects of fatigue, his intellectual capacity, and the quickness 
of body movements. The engineer' attempts to control and to change 
the work environment to fit the needs of the operator. He studies those 
aspects of the work that might be overlooked by the observer who 
makes a simple motion study. Human engineering -does not represent 
a new development, since the Gilbreths and Henry L. Gantt, in particu- 
lar, studied the entire worker environment. It represents a different 
emphasis. 

WORK SAMPLING 

Work sampling is a method of evaluating employee work loads, the 
performance of workers, machine utilization, methods of materials 
handling, and the various plant services by means of random observa- 
tions of employee activities and machine performance. The observa- 
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tions are made at various times throughout the day and on different days 
in order that they may constitute a representative sample of plant 
conditions. 

Initiating the Program. For a program of work sampling to suc- 
ceed, the authorization and the support of top management are required. 
Unless such an endorsement is obtained, persons at the lower levels in 
the organization will not properly co-operate. Union acceptance is also 
usually required. To gain the co-operation of the union, the industrial 
engineer will meet with union officers, including shop stewards, to ex- 
plain the objectives and the methods. Workers may object to work 
sampling because they regard it as a form of spying by the management. 
Their objections may be overcome by explaining the program and by 
agreeing to omit the names of individual workers from any reports 
that are made of the results. 

Information Gained by Work Sampling. The nature of the observa- 
tions made in work sampling will vary with the observer and the nature 
of the work. In most cases, however, the observer attempts to determine 
the time spent by the worker in various general types of activity and 
the lost time of a machine. The observations may provide data for 
evaluating performance as follows: 

The observations would show the time spent in direct productive 
work. During this time, the worker was at the machine or the machine 
was performing the work on the material or parts. 

The observations would also show the direct delay, which is defined 
as the time spent by the worker at the workplace but not in the per- 
formance of the task. The reason for delay would be indicated in each 
instance. Causes for delay would include waiting for tools, waiting for 
materials, poor scheduling, waiting for transportation, and talking with 
the foreman or other persons. 

Time spent in transit would also be separately recorded. The worker 
might leave the workplace to go to the tool crib, the materials store- 
room, or the office of the foreman. 

Another category is preparation time of the machine, or the set-up 
time. This time could be included in operation time if the periods are 
short. In work sampling, the results are more meaningful if the set-up 
time is separately recorded. 

Personal needs would include the time of the worker away from the 
workplace for a variety of reasons, such as washing up before quitting 
time, going to the rest room, or getting a drink. 

A separate category called Not Observed would indicate the time 
during which some worker, usually one of a group, was not seen and not 
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observed. This classification provides a check on the alertness of the 
observer himself in obtaining the desired information. If the time 
classified as Not Observed exceeds a reasonable figure, the reasons for 
failure to observe should be investigated. 

Uses of Work Sampling. Before any conclusions are drawn from 
the observations, the observer should review the results to determine 
whether sufficient observations have been taken and the results are 
representative of the usual activities of workers and of machine utiliza- 
tion. Attention may also be directed to unusual conditions that rrjay 
have prevailed during the time when the observations were made, suth 
as emergency work, power failure, delayed deliveries of materials, or 
overtime work. The results are summarized and reviewed with foremen 
and interested executives. In some cases, worker performance may hav^ 
declined when the observations were started because of their suspicions 
or fear. Later, the program should result in increased productivity and 
lower unit costs . 6 


QUESTIONS 

1. Explain uses for motion and time study other than for determining the pay 
for a task. 

2. A manufacturer says: "A reduction in the time for a task ultimately results 
in a saving of brick and mortar.*’ Explain the meaning of this statement. 

3. Should a worker who is learning a task begin by working as fast as possible 
and improve quality as he learns, or should he first strive to do quality work and 
attempt to build up speed later? 

4. Why should the worker be interested in improving the motions he performs 
in doing a task? Why might he object to an improvement in the motions? 

5. Should workers be required to use a fixed set of motions regardless of their 
individual differences and preferences? 

6. Do workers welcome interruptions because they stretch out the work, or 
do they prefer that the work proceed in an orderly and efficient manner? 

7. Who benefits from a reduction in the time required to perform a task and 
the increased production that results? 

8. How is the saving from motion study affected by the existence of “bottle- 
necks*' in the production line? 

9. Do workers always work in the most efficient manner they know? How 
does this fact affect their co-operation with motion study? 

10. Suggest efficient methods of performing the following tasks: (a) loading 
brick in a truck; ( b ) replacing light bulbs in ceiling lights; and (r) removing 
dishes of food from a refrigerator. 

•C. N, Wiggins, "Work Sampling in Maintenance," Factory Management and Main- 
tenance , Vol. CXVII, No. 12 (1959), pp. 72-76. 
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11. Show the relation of human engineering to motion study. 

12. Why is work sampling especially suited to the establishment of stand- 
ards for maintenance work? 


CASES 

38. METHOD OF COLLECTING TRASH ON THE STREET 

The manager of trash collection of a municipality has been investigating the 
following methods of collecting trash from the street: 

1. Sweepers using wide brooms would collect the trash in small piles, with 
two or three piles in each city block. Trucks would follow sweepers, and work- 
men would scoop up the trash and throw it into the truck. 

2. Each truck would be accompanied by three workmen. Two workmen would 
walk at a brisk pace along the street and push wide brooms in front of them. Each 
workman would walk ten steps and then manipulate the broom to make a small 
pile of trash. The other man would perform the same operation for the next ten 
steps while the first man would carry his broom across the space swept by the 
other. The truck would follow a short distance behind the men at a slow speed. A 
third man would stand on the running board of the truck with a wide but light- 
weight scoop; and he would pick up the trash at each pile and throw it over his 
shoulder into the truck. Since the piles would always be the same distance apart, 
he would be able to develop a rhythmic motion. Workers would alternate posi- 
tions to reduce fatigue. 

3. Workmen would push hand trucks along the street. Each workman would 
have a broom and a shovel which he would use to sweep trash and throw it into 
the truck. Hand truck would be emptied into trash cans on the sidewalk. Trash 
cans would be emptied into a truck once a week. 

4. A truck equipped with a vacuum device would be used to pick up trash by 
suction. The only labor would be that of the truck driver. 

Questions: 

1. How can the manager determine which is the best method? 

2. Under what circumstances might each method be preferable? 

3. What information not given in the case might be required for a decision ? 

39. THE TIME-STUDY MAN 

Patrick O'Bern majored in industrial engineering at the technical school and 
regarded himself as especially proficient in time study. He made a number of 
such studies in nearby factories and offices before he completed his college course. 
In all of these studies, production standards had been established by the indus- 
trial engineering department of the plant, and Patrick’s estimates of proper stand- 
ard time, after adjustments and allowances, were always close to the estimates 
used by the company. 

When Patrick graduated, he accepted a position with a shoe company in the 
Middle West. This company had initiated a program of wage payment by piece 
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rates, and time studies had been made for many tasks. Where studies could not 
be made immediately by the industrial engineering department, each foreman 
made estimates of the proper time for the tasks in his department. After the in- 
dustrial engineer compared the estimated task time with past production records, 
the estimates were used to set temporary piece rates. The foreman explained to 
each worker the manner in which his piece rate had been set and informed him 
that new rates would be set as soon as the industrial engineer made accurate time 
studies. 

When Patrick reported for work, he called at the office of the employment 
manager who had interviewed him at the college. The secretary told Patrick that 
the employment manager was in conference and would be busy the rest of the diy. 
He had left word that Patrick should call back at starting time the next morning. 
Patrick spent the rest of the day unpacking his clothes and arranging his room. 
The next morning when he reported, the employment manager was on the tele- 
phone. After Patrick waited for 30 minutes, he was shown into the office. The 
employment manager escorted him to the industrial engineering department and 
introduced him to the engineer, who gave him copies of the manual on company 
policy, the union contract, the company organization chart, and such job descrip- 
tions as were available. Patrick was given the rest of the day and all of the next 
day to study the materials. 

During the next month, Patrick accompanied the industrial engineer to one of 
the manufacturing departments and observed how a time study was made. He 
made separate observations of his own and separate allowances for delays, also 
ratings for skill and effort. Usually the final time as set by Patrick agreed fairly 
closely with the estimate of the industrial engineer. The first task that was studied 
independently by Patrick was one of the finishing operations. When Patrick re- 
ported to the department, he learned that the foreman and all of the workers in 
the department were of Czech nationality and that they had worked in shoe fac- 
tories in Europe before coming to the United States. The foreman showed Patrick 
to the machine and informed the workers that Patrick would make a study of the 
operation. The workers talked excitedly in a foreign language, and one remarked 
in English that Patrick was going to set a new rate for the task that would pull 
the company out of the red. Patrick made no reply but continued his observation 
of the work, which consisted of dyeing, waxing, and polishing the soles of the 
shoes. 

After a few minutes, he told one of the workers he was ready to make the 
study. He completed the timing for the study, but the worker continued to polish 
the sole of the shoe at the machine. The workers then exchanged glances and 
made several remarks in a foreign language. The comments must have been hu- 
morous as they caused considerable laughter. Patrick took his slide rule from his 
pocket and made some computations to determine ratings and allowances. The 
workers made further remarks in their native tongue, and Patrick assumed that 
they were talking about the slide rule. Patrick informed the worker that the task 
was completed after the fourth round of brushes against the shoe and that the 
correct time would be computed on that basis. 

When Patrick, arrived back at his desk, the industrial engineer was talking to 
the foreman of £he finishing department on the telephone. However, Patrick 
quietly made his computation* and figured the final time. He placed his compu- 
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tation on the desk of the engineer who looked at the figures and compared them 
with the foreman’s estimate. He then informed Patrick that his estimated time 
was about 60 per cent of that of the foreman. The foreman had informed him 
by telephone that Patrick had objected to the complete finishing operation, which 
was necessary to maintain the quality of the product. For this reason, the engineer 
said that the original time estimate of the foreman would be used. 

Questions: 

1. What mistakes, if any, were made in this case? 

2. How could the difficulties have been avoided? 



CHAPTER 


19 Time-Study 
Techniques 
and Procedures 

The establishment of a standard time for a task by means 
of observations made with the use of a stop watch is one of the most 
controversial techniques of management. To many persons, time study 
is the most important feature of the management system as developed 
by Frederick W. Taylor; and Taylor himself regarded it as fundamental 
to scientific management. His incentive system of wage payment re- 
quired that a standard time be determined; and time study led him to 
develop production planning, standardization of materials and equip- 
ment, and other mangement methods. 

The advocates of time study admit that, although the technique is 
widely used, its acceptance has been "grudging and tenuous” and has 
been "accompanied by much hostility.” 1 Organized labor opposed it 
from the beginning, and in 1913 Congress passed a law prohibiting 
the use of the stop watch in government establishments. This provision 
was inserted in all federal appropriation acts for many years thereafter. 

Time study was first used for setting standards and measuring work 
performance for workers who were engaged directly in production. 
Later the studies were extended to various types of staff or service 
activities. The technique has been used to establish standards for re- 
ceiving and handling materials, shipping the finished product, servicing 
tools and dies, inspection work, housekeeping, and maintenance. In 

’Ralph PresgraVe, The Dynamics of Tim * Study (2d ed.; New York: McGraw-Hill 
Book Co., Inc, 1945), p. 1. 
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related activities, it is used for clerical and other office work and in 
plant protection. 2 

THE TIME-STUDY PROGRAM 

Although Taylor developed the time-study technique, he was not the 
first to use the stop watch in timing workers engaged in manufacturing 
work. M. Perronet, a Frenchman, in 1760 listed the operations neces- 
sary to make pins and timed each task for the purpose of ascertaining 
the cost. 8 However, the studies seem to have been over-all observations 
rather than observations of element times. The technique was not 
further developed, and Perronet's experiment seems to have been an 
isolated incident. Charles Babbage made similar studies in England in 
1830. 4 There is no evidence of the continuous use of the stop watch for 
studying tasks until 1881, when Taylor used it at the Midvale Steel 
Company. The first book on the subject appeared in 1920 and was a 
reprint of a series of articles. 5 * * 

Taylor got the idea of time study from a teacher of mathematics at 
Phillips Exeter Academy while he was a student. The teacher had 
established an average time for the solution of each problem. From 
this experience, Taylor thought an average or standard time for doing 
any task could be established. 

Uses of Time Study. Time studies may be used to set up a standard, 
regardless of how the worker is paid. Taylor’s idea as to such a stand- 
ard is expressed in the following statement: "The average individual 
accomplishes the most when he either gives himself, or someone else 
assigns him, a definite task, namely, a given amount of work which he 
must do within a given time; and the more elementary the mind and 
character of the individual the more necessary does it become that each 
task shall extend over a short period only.”® 

Time study is often thought of as a phase in the fixing of piece rates 
or the establishing of some other basis of incentive wages. Although 
wage determination is one use of time-study data, it is not a part of the 
work of the time-study man. Money values introduce an entirely new 

‘"The Truth about Wage Incentives,” Factory Management and Maintenance, Vol. 

C3CVII.No. 4 (1959), PP- 74-84. , , , , 

*V. S. Karabasz, "The Analytical Study of Production Jobs, Annals of the American 
Academy of Political and Social Science, Vol. CXIX (1925), pp. 80-84. 

4 Robert Lee Morrow, Time Study and Motion Economy (New York: Ronald Press, 

5 Dwight V. Merrick, Time Studies as a Basis for Rate Setting (New York: Engineering 

Magazine Co., 1920). 

•F. W. Taylor, Shop Management (New York: Harper & Bros., 1903), p. 69. 
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problem with which time study in itself is not concerned. The standard 
money rate for any work depends upon such additional factors as bar- 
gaining with the union, the supply of labor, wage levels in the com- 
munity, and the skill required of the worker who performs the task. 

The standards set by time study are used for many purposes in addi- 
tion to providing data for setting wage rates. In planning for the flow 
of work, the planning department uses the standards to estimate the 
time that will be required for work at each workplace. Work for each 
machine can be scheduled, and completion dates for production orders 
ran be estimated. Deliveries of finished goods to customers can be 
planned with the assurance that the schedules can be met. \ 

Time standards supply information on machine capacity for purposes 
of machine replacement. As explained in Chapter 10, the computation 
of costs per unit of product by the use of the old machine in compari-' 
son with the estimated unit costs with the new machine is based upon 
data of the number of units that can be produced within a certain time. 
Production standards are useful in planning plant layout because one 
objective in layout is a proper balance between workplaces. Balance 
means that machines and workplaces produce approximately the same 
number of units per hour or per week. When converted into monetary 
costs, production standards are useful in making bids on sales contracts. 

Other uses of production standards relate to the control of operations 
within a department. The efficiency of a worker is judged by his ability 
to meet the standard, and foremen are sometimes judged by the per- 
centage of workers in a department who meet or fail to meet the stand- 
ards. If workers are paid by the hour, the standard would indicate what 
the labor cost of the product would be if all workers produced the 
standard number of units per hour. If costs exceed this amount, man- 
agement knows that the standards are not being met. 

Production standards assist management in eliminating the differ- 
ences between the requirements of various tasks. The standards should 
be set in such manner that a worker at one task can render a satisfactory 
performance as easily as any other worker at any other task. No work 
should be unusually easy or unusually difficult in comparison with 
other work. 

The department that is responsible for the setting of standards by 
time study may also be responsible for related activities requiring the 
use of standards. In one company, for example, the standards depart- 
ment makes motion and time studies, revises die standards when neces- 
sary because of changes in methods of work, makes studies of new tasks 
and work done on new equipment, prepares the payroll, makes cost 
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investigations for purposes of preparing bids on contracts, and prepares 
cost estimates for the use of management in establishing sales prices on 
new products. 

Relation of Motion Study to Time Study. Taylor never made time 
studies without first making improvements in the layout of the work- 
place, prescribing machine tools, and making other such changes as 
were required . 7 Frank and Lillian Gilbreth, who perfected the tech- 
niques of motion study, believed that time studies were misleading 
unless they were preceded by a thorough study of both the conditions 
of work and the motion elements. Their method was to study and 
improve not only the workplace, equipment, working conditions, and 
arrangement of materials, but also the motions made by the worker . 8 If 
the worker is to be guaranteed against a reduction in the standard time 
or in the piece rate, such studies are necessary. Otherwise, the worker 
may himself improve the motions and increase output to such an extent 
that the standard would be useless. Because motion study and methods 
improvement precede the taking of time studies, the time-study man 
should be skilled in manufacturing methods, machine tools, materials, 
and conditions of work as well as time-study techniques. 

Time study may be made without motion study when an entire plant 
is changed to standards set by time study. Time studies might also be 
made for an entire plant when a new factory is constructed. In any 
of these cases the number of studies to be made immediately would 
preclude complete motion studies for every task. Such study of tasks 
as might be made would be less thorough and less elaborate than is 
implied by a motion study. 

Time studies are sometimes made without motion studies when con- 
tinuous changes in layout, equipment, product, or materials alter the 
requirements of a task. If a part of a department is already working 
under standards set by time study, the methods department is under 
pressure to complete studies of new tasks as rapidly as possible. Since 
the motion-study man cannot keep pace with the time-study man, and 
since some tasks do not justify the cost of a complete motion study, 
standards may be set for some tasks without motion study. 

Time-study men realize the hazard of setting standards without 
motion studies, but they contend that the errors are negligible. The 
reasons are that abbreviated motion studies are made by time-study men; 


T Taylor, "The Present State of the Art of Industrial Management/' Transactions of 
\ American Society of Industrial Engineers , Vol. XXXIV (1912), pp. 119^-1200. 

# Frank B. and Lillian M. Gilbreth, "Time Study and Motion Study," paper read before 
New York Section of Taylor Society, December 15, 1920. 
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that operators follow fairly well-defined patterns of motions; and that 
workers know that a loose standard will eventually be changed, regard- 
less of earnings or subsequent performance.® 

Because of the cost, time-study standards may not be set for all tasks 
in a department. In most productive departments the maximum number 
of tasks which justify such standards is estimated to be 95 per cent. 
Standards are sometimes set, with or without time study, for a wide 
variety of tasks, such as emptying wastebaskets, trucking supplies from 
storage, cleaning and replacing cuspidors, cleaning the corners in the 
stair wells, and replenishing supplies in the washroom. \ 

The Time-Study Man. The person who makes time studies is usually 
attached to the industrial engineering department. As preparation fof 
his work, he should have an understanding of such technical subjects 
as manufacturing methods, machine feeds and speeds, the principles of 
motion, methods of rating worker performance in terms of average or 
above or below average, mathematics as it pertains to shopwork, the 
writing of reports, the uses of time standards, and methods of using 
the results of earlier studies in setting new standards. In the area of 
human relations, he needs to understand worker attitudes, methods of 
gaining greater co-operation, methods of oral and written communica- 
tion, personnel policies, and labor union attitudes. To qualify himself 
for the work of making time studies, he should have some experience 
in the type of work for which he is expected to set standards. Such 
experience would prevent him from making errors in the technical 
aspects of the study. It would also give him an understanding of gen- 
eral shop methods and worker attitudes. Time-study men are usually 
recruited from shop operating jobs, but many of them gained their 
previous experience in clerical work, supervisory positions, and various 
departments performing staff functions. 10 

Personal Qualifications. The time-study man also requires certain 
personal aptitudes. Because he performs a staff function, he must have 
the co-operation of foremen and other line executives in making time 
studies and in making the production standards effective. In many cases, 
the foreman prefers a loose standard that the worker can easily meet 
because loose standards do not interfere with the smooth operation of 
his department. The fact that the loose standard results in higher labor 
cost and also increases the machine time may not disturb the foreman. 
As long as the loose standard is retained, the higher labor cost and 

’ Presgrave, of. cit., pp. 133, 140-43. 

" "Important Facts about Time Study Men,” Factory Management and Maintenance, Vol. 
CXI, ISO. 2 (1953), pp. 126-27. 
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manufacturing expenses may not be known to the management. The 
time-study man should attempt to gain the co-operation of foremen by 
showing them that proper standards will assist the company in main- 
taining its competitive position and will benefit all persons associated 
with the company. 

The time-study man also needs to gain the confidence and co-operation 
of the worker. He should attempt to show the worker that standards 
established by time study are fair because they make the necessary 
allowances for fatigue, delays, interruptions, and other unusual factors. 
He should also show how improvements will increase wages and provide 
more jobs within the company by strengthening its competitive position. 
The person who arouses suspicion and antagonism cannot make proper 
studies. Good human relations constitute an important element of time 
study. 

MAKING THE TIME STUDY 

The making of the study requires attention to the department in 
which the study will be made, the selection of the task and the worker 
to be observed, the equipment to be used, and the recording of the 
observations made. Each of these phases of the study is important. 

Selection of the Department and the Task. If no time studies have 
previously been made in the plant, the first step is the selection of the 
department and the task for beginning the studies. Much depends 
upon the choice of the task for the first study, since the time-study man 
is sometimes regarded with suspicion by the workers. This suspicion may 
be shared by the foreman, who is close to his men and is under pressure 
to get the work out. He may regard the entrance of the time-study man 
as a reflection upon his ability to manage his own department. The 
situation is one which calls for tact, sympathy, and understanding on 
the part of the time-study man. 

Some of the considerations in selecting the task or the department for 
making motion studies were considered in the preceding chapter. These 
criteria are the number of persons at the task, their rate of pay, the pos- 
sibility of changes during the next year, and the relation to other work 
in the production line. Another factor is the type of workers and their 
attitude toward the studies. If the foreman has a close personal relation- 
ship to his men, and if he is convinced of the value and the desirability 
of the studies, the department might be a good place to begin. Another 
factor is the rapidity with which tasks can be studied. To convince work- 
ers and management of the economy and fairness of the studies, it may 
be desirable to begin to show results as soon as possible. 
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Another factor in the choice of a department to begin the studies is 
the possibility of raising output and increasing wages. The results of the 
first studies are certain to be subjected to the greatest scrutiny. The pos- 
sibilities of savings to the company are also a factor. The time study 
must be justified in dollars and cents and not merely by percentage in- 
creases in output per worker per hour. Although sensational or stunt 
performances should be avoided, the first task to be studied should be 
one that can be improved through motion study; and the worker should 
benefit by an increase. * j 

Selection of the Worker. The person chosen for the study may be 
the best worker or an average worker. The type of worker observed Is 
supposed to make no difference in the standard which is finally set^ 
because allowance is made for skill. Gilbreth never made a time stud^ 
of any but the very best workers. In fact, his studies were based upon a 
synthesis of the motions of the best workers. He said that judgment sup- 
plants measurements when a mediocre worker is used and that no allow- 
ances can be made for inefficiency. The willingness of the worker to co- 
operate is also important, because no allowance can be made for indiffer- 
ence or false motions. The achieving of worker co-operation requires 
tact, sincerity, and fairness on the part of the time-study man as well as 
the co-operation of supervisors. The understanding of union officials 
is also helpful. 

In practice, time studies are usually made of the average worker in- 
stead of the very best. The justification for this procedure is that work- 
ers do not understand the method of making allowance for skill, and 
they are likely to think that the standard is to be set so high that it will 
be impossible for them to make it. The study is usually made of a 
worker who is engaged at the task, regardless of his skill. To ask an 
especially trained person to do the work while a study is being made 
would appear to be unfair. It is generally agreed, however, that time 
studies should not be made of a worker who is new at the work, a nerv- 
ous person, or a person who is working with especially valuable ma- 
terial which he might spoil through poor workmanship paused by 
nervous strain or excitement. 

The selection of the worker depends in part upon the workers them- 
selves. When the studies are begun, a volunteer for the first study may 
be asked for. Each worker may hesitate for fear of losing the respect 
and the good will of his associates, and the personal friendship and in- 
fluence of the foreman becomes important. If the standard is judged to 
be fair, and if the worker who is transferred to an incentive wage based 
upon the time study is able to increase his earnings, the others are more 
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likely to be willing to have studies made. In no case should an attempt 
be made to take studies without the knowledge and co-operation of the 
worker. 

Time-Study Equipment. The usual equipment for making time 
studies consist of a stop watch, a time-study sheet, and a board for hold- 
ing the watch and the sheet. 

Stop watches are made to record either fractions of a minute or frac- 
tions of an hour. The watch that records fractions of a minute has a 
large hand which makes one revolution in a minute and a smaller hand, 
similar to the second hand on an ordinary watch, which moves one 
space for each revolution of the large hand. The dial for the large 
hand is marked off into ten spaces, each of which is 1/10 of a minute. 
Smaller markings indicate a time 
length of 1/100 of a minute. The 
watch that records fractions of an 
hour has a large hand which makes 
a complete revolution in 1/100 of 
an hour, or 0.6 of a minute. It 
permits measurement in units of 
1/10,000 (0.0001) of an hour. The 
watch that records hundredths of a 
minute is the type most commonly 
used. Such a watch is illustrated 
in Figure 41. 

The sheet for recording the ob- 
servation contains spaces for listing 
the motion elements of the task and 
for recording as many observations 
as may be considered necessary. 

Spaces are also provided for all oth- 
er information pertaining to the task and the observations made, such 
as the speed of the machine, the depth of the cut in certain types of 
machine operations, the tool used, the material, the day and hour when 
the observations were made, the name of the observer, the employee, 
and the department. After the studies have been completed, entries are 
made on the sheet for the average time, the allowances made, and the 
standard time. The observation sheet is illustrated in Figure 42. 

The watch may be fastened to the edge of a board on which the 
record of readings is kept, or it may be held in the left hand by means 
of a leather strap that is wrapped around the second finger. The ad- 
vantage of holding the watch in the hand is that the board may be put 



Courtesy of Meylart Stopwatch Co. 
FIG. 41. Decimal Stop Watch 
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FIG. 42. Observation Sheet for Time Study 























TIME-STUDY TECHNIQUES AND PROCEDURES 


371 


in the pocket or laid down, while the watch is protected in the hand. 
Some time-study men use two or more stop watches, which are fastened 
to the board. It is usually considered best to keep the equipment as 
simple as possible to lessen the suspicion and the mystery which are 
likely to surround the studies. In any case the nature of the equipment 
is secondary, for the important feature is the accuracy of the observa- 
tions made. A board used to make observations is illustrated in Fig- 
ure 43. 



Courtesy of Meylan Stopwatch Co, 

FIG. 43. Board Used for Making Observation of Times 


Recording the Element Times. In making the observations, the time- 
study man usually stands to the side of the worker, because all sugges- 
tion of secrecy of underhandedness is thereby removed. For similar rea- 
sons a position in front of the worker may be preferred to a position 
behind him. If the worker stands at the work, the observer should also 
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stand. Throughout the study an effort should be made to remove the 
"social distance” which is likely to exist between worker and observer. 

The observations are made of the time required for each element and 
not of the over-all time for a task. To make a study, it is necessary to 
divide the task into its elements in a manner described in the preceding 
chapter. The smallest length of an element that can be successfully 
observed is usually considered to be 1/10 of a minute. If element times 
are very short, the errors of the observer in reading the watch apd 
making the recordings are likely to be greater than the variations in 
the time required by the worker. \ 

The observations may be made by the "snapback method.” By this 
method, the hand of the stop watch is returned to zero at the end of each 
element. When the worker completes an element, the observer reads 
the watch, presses the stem to return the hand to zero, starts the watch 
for timing the next element, and records the time for the element com- 
pleted. The observation sheet shown in Figure 42 was prepared on the 
basis of timing by the snapback method. Some time-study men regard 
this method as highly unsatisfactory because of the possibility of error 
in making the readings and recording the times while also manipulating 
the watch. The Gilbreths rejected the entire procedure because of the 
possibility of error. They contended that the errors of the observer in 
reading the watch might easily equal the elapsed time for the perform- 
ance of the element under observation. Moreover, they said that the 
errors could not be corrected by averaging the results of several studies 
because this procedure might have the effect of cumulating the error. 

The advantage of the snapback method is that the observer can use 
his recordings as a guide as he continues with the timings. For example, 
if one reading of an element is much longer or much shorter than the 
other readings, the observer can see this at once. He can then investigate 
the cause, which might be an error on his part, stalling on the part of the 
worker, a sudden burst of speed, a failure of the worker to conform to a 
lax standard which he had set for himself, or any one of several other 
causes. Any isolated instances of improved methods of work should be 
studied to determine whether they can be duplicated and made habitual. 
Unless the observer knows the situation as he proceeds, he is said to be 
"flying blind.” 11 

Another method frequently used is the "continuous-run method." 
When this method is used, the stop watch is permitted to run continu- 
ously; and the observer records the reading of the watch at the end of 




1 Presgrave, op. ci$. t p. 42. 
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each element. When one cycle of operations is completed, the watch 
is allowed to continue to run as the worker proceeds with the next cycle. 
This process is kept up until an, entire series of observations has been 
made. The elapsed time for each motion element is computed by sub- 
tracting the reading of the watch at the end of an element from the 
reading at the beginning. 

The advantage of the continuous-run method of timing is that the 
observer is required to account for all time, including delays and inter- 
ruptions. He is also relieved of the necessity for starting and stopping 
the watch at any time during the observation. This method is the one 
most commonly used. 

In accumulative timing, two watches are used. The two watches are 
mounted on a board in such a manner that, by pressing a lever, the ob- 
server can stop one and start the other. He may then read the watch 
while the hands are stopped, and the reading may therefore be more 
accurate. Subtractions are unnecessary. The principal objection to this 
method is the complexity of the equipment, which tends to alienate the 
worker. 

Other Types of Equipment. To eliminate any errors that might be 
made by the observer in using a stop watch, other kinds of equipment 
may be used. If the element times are very short, a motion picture of 
the operation may be taken to show an electric clock as well as the 
worker and the machine. The clock should indicate time to a fraction 
of a second, and the motion-picture camera should be stepped up to 
take more frames per second. The picture is run on the screen after 
the observations have been completed. The projector can be stopped at 
any point, and the timing can be accurately observed. If any element 
time appears to be too long, the picture can be rerun; and the cause of 
the delay can be determined. Pictures of the worker performing the 
task are useful in training employees and in considering any subsequent 
complaint from workers about difficulties in meeting the standard as set 
for the task. The use of motion pictures for motion and time studies was 
first perfected by the Gilbreths. The method is now rather widely used. 
It is frequently referred to as "micromotion study." 

Another type of motion-picture camera, which is driven by a motor 
at a fixed rate of speed, permits the measurement of the time required 
for each element of motion in fractions of a second or a minute. A 
different kind of device for making a record of the element times is 
the time-recording machine. This machine consists of a small box or 
cabinet equipped with a paper tape and recording keys. The tape is 
drawn through the box at a predetermined speed. The observer records 
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the element times on the tape by depressing the keys. The elapsed time 
is' indicated by the scale and the markings on the tape. 

Number of Observations. The number of observations to be made 
of a task depends upon such factors as the length of the cycle and the 
time required to make the observations, the number of elements in the 
cycle, the skill of the worker, the consistency or variations in the obser- 
vations made, the number of people employed at the task, the study 
made of the workplace and the motions prior to the timing, and the use 
to be made of the standard time. If the motions of the worker and the 
time required at the task are partially controlled by machine time orlan 
assembly line, the observations may be fewer in number. \ 

Although consistency in results may be an indication that the worker 
is skilled and that the results are reliable, this is not necessarily the 
case. Presgrave warns that unusually high consistency is open to suspi- 
cion that the worker has deliberately timed each element by counting to 
himself, observing a wrist watch, or pacing himself against a revolving 
part or a recurrent noise. 12 While the observer strives for the co-opera- 
tion of the worker, he cannot always be sure that he has attained it. 

If the observer makes an excessive number of observations, he is 
wasting his own time at unnecessary work, and the elimination of un- 
necessary work is a principal objective of the entire study. Time-study 
work should be as efficiently conducted as the time-study man expects 
the other departments to be. If the observer makes an insufficient num- 
ber of observations, his standards may be too tight or too loose because 
they are based on inadequate samples. As a general rule, it is better to 
take too many observations than too few. Two short studies taken at 
different times are considered better than one long study. 

QUESTIONS 

1. Is time study concerned only with the setting of the standard time without 
reference to the pay for a task? 

2. Should the worker whose work is observed be average or highly skilled? 

3. A worker is nervous and cannot perform the task well while observations 
are being made. HoW can a standard be set for the task ? 

4. Is special effort required to gain the co-operation of the foreman for the 
making of time studies? Explain. What can be done to gain his co-operation? 

5. Why are observations made of each element rather than the entire task? 

6. What is the significance of the statement that the time-study man cannot 
perform the task in the time which he sets for the work ? 

7. What is meant by social distance ? Does it affect the results of time studies ? 

“ Ibid., p. 182 . 
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8. How can the worker mislead the time-study man and get a loose standard 
for a task? Does the time-study man need to know the technical aspects of the 
work ? 

9. What are the qualifications of a good time-study man? 

10. Compare the snap-back method of making the observations with the con- 
tinuous-run method from the point of view of accuracy of the recordings and the 
ease of detecting variations in the element times. 

11. What determines the proper number of times the task is observed? 

12. In setting a standard, does the time-study man take into consideration any 
differences in time that might be required by different people? 

CASES 

40. IMPROVED METHOD DEVELOPED BY A WORKER 

In a pottery factory, various products such as flower pots, jars, and bowls were 
molded by machines. On most such units, tiny cracks would appear where the side 
of the unit touched the bottom, and occasionally cracks would appear in the side, 
beneath the handle, or near the top of the jar. Such defects were due to imperfect 
mixes of the material, which proved to be stubborn or unyielding in the forming 
operation. Before the units were glazed and passed to the oven for heat treat- 
ment, they were inspected and the cracks were filled with a portion of the mix. 

The foreman had devised a method of filling the cracks by the use of a small 
trowel. The worker dipped the trowel into a bucket of the mix, picked up a small 
amount of the material on the point of the trowel, and touched up the crack in 
the manner similar to the method used by a bricklayer in smoothing the mortar 
between the bricks. When the time-study man timed the operation, the worker 
used this method and a standard time was set which seemed fair to the worker 
and would enable him to earn more than the usual $1 0.00 per day for this kind of 
work when the hourly wage was used. A check of the operation a month later 
showed that the worker was earning about $12.50 per day. This rate of earnings 
was considered satisfactory. The worker was using the method that had been used 
when the operation was timed. 

Six months after the standard time had been set, the time-study man learned 
that the worker on the operation was earning about $45.00 per day. Investigation 
disclosed that the worker had devised a new method of performing the task. He 
added a small amount of water to a portion of the mix to make it more pliable, 
and he then worked up a small ball of the material in his hand. Holding the ball 
in the palm of his hand, he presssed it gently to extrude a small amount beneath 
his thumb which he used to spread the material and to fill the crack. He used the 
trowel only in a few instances to reach into small crevices. In this way, he was 
able to produce about four times as much work as the standard required. 

Questions: 

1. Was the time-study man at fault in setting a low standard? 

2. Should the standard be corrected, or should the worker be permitted to earn 
as much as he can with the existing standard ? 
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41. ARBITRATION OF TIME-STUDY STANDARDS 

The ABC Metal Working Company owns and operates one plant which em- 
ploys about 800 workers. Shortly after World War II, the company added to its 
staff a time-study man, who was authorized to make time studies and to set pro- 
duction standards in co-operation with foremen and plant executives. In 1949, 
the employees were unionized, and the union immediately began to take an inter- 
est in time-study standards. The union representatives have frequently argued 
that time-study standards are too tight and that a worker may injure his health by 
working at the speed required by the standard. The disputes concerning work 
standards have arisen as a result of the complaints "from various workers. 

In 1959, the union succeeded in getting a provision into the union contract 
which requires the arbitration of disputes over work standards. The contract pro- 
vides that when such a dispute arises, the arbitrator shall hold hearings within 
seven days of the referral of the dispute and that he shall render a decision within 
seven days after the conclusion of the hearings. The arbitrator was given ho 
authority to revise a standard, and he could decide only that a standard was fair 
or unfair. If he should decide that a standard is fair, the standard is to be con- 
sidered an approved standard. If he should decide that it is unfair, he is expected 
to state the respects in which it is unfair and the basis of his disapproval. 

When the provision for the arbitration of work standards was suggested by the 
union, it was strongly opposed in the management conference by the time-study 
man, Frank Ross. Mr. Ross contended that managerial efficiency was not a proper 
subject for arbitration. He said that the workers and the union objected to many 
standards that were fair and easily attainable. Management’s function, he said, 
was to establish the controls over productivity and to determine the standards. 
The management had the right to expect workers to conform. Any employee of 
the company must be measured by company standards. If an arbitrator approves 
a loose standard, Mr. Ross said, the worker will be overpaid ; or if he pegs his 
earnings to get only the going rate, he will put less time and effort into the work 
than is fair and reasonable. 

Another fact pointed out by Mr. Ross was that once the standard was ap- 
proved by the arbitrator, it could be changed only with the greatest difficulty, if 
it could be changed at all. However, a change in the standard might become 
necessary after a period of time because many small improvements in the manu- 
facturing methods and processes could reduce the time required for the task. If 
a loose standard should be approved by arbitration, a discrimination in favor of 
one worker or a few workers would exist for an indefinite period of time. 

When the company agreed with the union that time-study standards could be 
submitted to arbitration, Mr. Ross resigned. J. W. Gibbs was appointed to his 
position. One of the first standards established by Mr. Gibbs was challenged 
by four workers who performed the task. The union joined them in the com- 
plaint. The arbitrator who heard the case was a professor in a local technical 
school. When he observed the worker performing the task by the prescribed 
method, the elapsed time was 15 per cent more than the standard time. However, 
the arbitrator thought that the pace of the worker could be increased and that the 
standard could be attained with reasonable effort on the part of the worker. The 
decision of the arbitrator was therefore in favor of the company. 
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After the decision had been rendered, the arbitrator went to the workplace to 
talk with the men. While he was talking to them, one worker called to another 
and said: "Al, I am going to show tl^e man what I can do.” 

He asked the arbitrator to time him while he did the work. He performed the 
task in 75 per cent of the time that had been established by the standard, and he 
repeated this performance two additional times. The other workers were amused 
by the incident. 

Questions: 

1. Should the company have agreed to arbitrate the question of time-study 
standards ? 

2. Should Mr. Ross have resigned? 

3. What difficulties may arise from the arbitration? 



CHAPTER 


20 Setting 
the Standard 
Time 

In establishing the standard time for a task, the industrial 
engineer follows four general steps: First, he studies the motions being 
made by the worker. Second, he improves the motions and determines 
the best method by improving the layout of the workplace, eliminating 
delays, determining the best sequence of motions for the right and left 
hands, and instructing the worker in the improved methods. Third, he 
observes and records the time required for each element of the task. 
Finally, he establishes the standard time by averaging the element times, 
rating the worker for skill and effort, and computing allowances for 
delay. The first three steps have been considered in preceding chapters. 
The fourth step will be considered in the present chapter. 

DETERMINING THE STANDARD 

The time required by the worker in performing the task while the 
observations are being made does not constitute a standard. It represents 
the data for the computation of the standard. The standard would be 
determined by a procedure similar to the following: 

1. Discard the observation times for each element which were exceptional 
because the times were unusually short or unusually long. 

2. Take an average of the observation times for each element. 

3. Add the element times to determine the total time that would be taken by 
the worker who was observed, provided he could work continuously without 
iotmuption. 


378 



SETTING THE STANDARD TIME 


379 


4. Rate the worker who was observed on the basis of his skill and effort. 
Usually the rating requires an increase in the elapsed time to determine the stand- 
ard, although the rating could require'a-decrease in the elapsed time. 

5. Make allowance for various delays, such as personal needs, fatigue, and 
interruptions for various causes. 

Each of these steps requires further explanation. 

Exceptional Observations. Abnormally long or abnormally short 
times might be caused by errors of the observer in reading the watch or 
in ending a motion element at a precise point. Very long times might 
also be caused by awkward movements, intentional slowing down, in- 
terruptions and distractions, defective materials, necessary adjustment 
of the machine, and numerous other factors. Abnormally short times 
might be due to a sudden burst of speed on the part of the worker or by 
an unusually favorable work cycle. Workers often unconsciously speed 
up because they see a break in a run of work or possibly because they 
wish to make up for poor performance at an earlier stage. If a worker 
takes material from a bin, his performance will vary slightly as he 
works from one end of the pile to another. Some of the therbligs may 
be abnormally short because of the ease of finding, selecting, and grasp- 
ing materials that do not rest against other parts; but these therbligs 
may not be discarded. The observer decides which are so long or so 
short as to be unrepresentative. 

Computing the Time for an Element. The time for an element may 
be computed by the use of the median, the arithmetic average, or the 
mode. The median is determined by ranging the recordings from short- 
est to longest and selecting the middle one. The arithmetic average is 
computed by adding all the recordings and dividing by the number of 
observations made. The mode is the figure which occurs most fre- 
quently. If the mode is used, the abnormally long and short recordings 
need not be discarded, since they will have no effect upon the final 
result. Exceptional observations will usually not affect the average if 
the median is used, since a very long or a very short recording merely 
counts as one observation more or one observation less than the middle 
figure. 

The choice of the average depends in part upon the results of the 
observations and the pattern of the recordings. Suppose, for example, 
that the time-study man has made twenty-five observations and the times 
for the first motion element are as shown below: 

0.08 mil mu n 
0.09 mu mi 
o.io ini 
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The motion element was performed in 0.08 of a minute 12 times ; in 
0.09, 9 times; and in 0.10, 4 times. The mode is 0.08, which seems to 
be a typical performance. The arithmetic average is 0.0868, but the 
average is clearly inaccurate beyond the second decimal place because 
the smallest time recorded by the watch was 0.01 of a minute. The 
median is 0.09. 

The second element might assume a pattern like that shown below. 
The average is 0.12, regardless of whether the mode, the arithmetic 
average, or the median is used. A symmetrical distribution of this l^ind 
is not the usual result. 


0.10 11 
o.ii uni 
6.12 mil mu i 
0.13 urn 

0.14 11 


A more common distribution is shown in the third illustration below. 
The reason for this type of distribution is that the variations in time are 
due principally to mistakes, fumbles, and interruptions which serve to 
lengthen the time required. 

0.15 ill 

o.i6 urn urn 
o.i7 mil 
0.18 111 
0.19 11 
0.20 
0.21 1 
0.22 1 

In this illustration the mode is 0.16, and the median the same. The 
arithmetic average is 0.17, if all of the timings are included. The 
median or the mode is probably the best average, unless the long per- 
formances were caused by poor materials or some other factor beyond 
control. If die cause cannot be corrected, the arithmetic average should 
be used; or perhaps more observations should be made. 

When an element time has been computed for each motion element, 
the times for the various elements are totaled to determine the total 
average time. However, this figure is not to be confused with the 
standard time for the task, which is yet to be determined. 

Performance Rating. * The time required by the worker who was 
observed in die study requires a further adjustment before a production 
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standard can be established. If the worker was above average in skill 
and performed the task at an unusually high speed, the time he required 
to do the work must be increased to determine a standard that is fair. If 
the worker was only average and worked at an average pace, the elapsed 
time may be decreased to determine the standard. The rating for skill 
and effort is probably the most difficult phase of motion and time study 
because it depends largely upon the judgment of the time-study man. 
Some authorities state that performance rating is the only part of the 
determination of work standards that remains to be put on a scientific 
basis. 

A common method of rating workers is a point system based upon an 
output of one hour. The amount of work that an average worker, 
thoroughly familiar with his job, could do is referred to as 60 points. A 
worker who could do 10 per cent more than the average would be as- 
signed 66 points. If the worker who was observed and timed was rated 
70, he is 10/60 better than the average. The total time, therefore, would 
be increased by 10/60 to determine a fair time for the average worker. 

Many other rating systems are in use. One well-known system rates 
workers as superskilled, excellent, good, average, fair, and poor, with 
percentages of production assigned to each grade. How accurate such 
rating systems are in practice has not been determined. The rating of 
the worker for skill is called the "leveling factor.” 

The time required for a task is affected not only by the worker’s skill 
but also by the effort he puts forth to perform the task. A skilled 
worker may move slowly, either by nature or by intent. The effort of the 
worker when he first begins the task and before he has completed his 
warming-up period or when he is tired is not the same as at other times. 
Two persons who walk down the street, run, or deal a deck of cards do 
not necessarily exert the same effort. Although Gilbreth believed that 
no corrections could be made for mediocre effort, such corrections are 
often made. The justification is that this procedure enables the time- 
study man to make his studies at any time, regardless of the worker at 
the task. Readings are converted to normal by means of a percentage 
adjustment. 

One method of rating is to grade the effort of the worker as excessive, 
excellent, good, average, fair, and poor. Another method classifies 
effort as killing, excellent, good, average, fair, and poor. 

The effort rating, sometimes referred to as the "correction factor,” is 
usually combined with the rating for skill. A worker of average skill 
working with average effort is expected to produce 60 points of work in 
an hour. If the worker who is tuned is rated 80, he is 20 points above 
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die average. The time which an 80-point worker requires is increased by 
20/60 to determine the time of the average worker. 

The leveling and correction factors are here assumed to be applied to 
each task. However, they may be applied to each element in the task. 
This procedure might be desirable in case the worker is more highly 
skilled on some parts of the task than others. The rating factor might 
also be applied to each element in case elements of different workers 
are combined to determine a rate on a new task without time study. A 
third variation is the selection of a specific .timing for each element 
which represents the rating of the worker. For example, if his skill and 
effort are to be rated 10 per cent above average, a timing of each ele- 
ment is selected as the typical performance of the worker at that level. 
This selection is made when the observations are recorded on the time- 
study sheet. 

The problem in rating is to maintain consistency from day to day and 
from one task to another. Errors in rating will result in gross inequities 
in the time assigned for different tasks. Because of its importance the 
rating is sometimes made by three persons — the time-study man, the fore- 
man, and an engineer. It is found that the ratings are usually in agree- 
ment if the effort is about 100 per cent of average. If the performance 
is much above average, the usual tendency of the time-study man is to 
assign too low a rating. If performance is much below average, the 
tendency is to assign too high a rating. 1 In each case, the error is made 
in the direction of average performance. Although a few persons may 
work at an average or normal rate, most workers will work above or 
below average speed. For this reason, special training may be given to 
time-study men, foremen, and others who rate the performance. 

Motion-picture films have been widely used in checking the assigned 
ratings. The films show workers performing various routine tasks in 
machine tending and assembly work. The proper rating for the per- 
formance shown has been determined by averaging the ratings as as- 
signed by several hundred persons. When the film is run in the pro- 
jector at a prescribed rate of speed and performance is rated by the 
student observer, both the observer and his superior can see the nature 
of the error made. 2 However, the rating for skill and effort continues 
to be the least scientific phase of time study. 

1 S. M. Dix, "Improve Your Time Study Rating/’ Factory Management and Mainte- 
nance, Vol. CX, No. 1 (1952), pp. 124-25. 

*Some of the well-known films of this kind have been made by the Society for the 
Advancement of Management. 
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Allowances. The worker cannot be expected to continue at the task, 
day after day, at the speed which he maintained while the observations 
were being made. Numerous factors in the work situation will prevent 
such a continuous rate of production. The factors naturally vary from 
one task to another, and they are so numerous that separate allowances 
cannot be made for each one. Some factors for which allowance is 
frequently made are as follows: 

1. Personal needs. 

2. Adjusting the machine or changing tools. 

3. Time to set up or adjust the machine for new work. The worker is some- 
times paid for set-up time as if it were a separate task ; but if set-up time is short, 
the time is included in the standard for the task. 

4. Miscellaneous interruptions, such as accidents and conferences with the 
supervisor. A worker’s production is affected by accidents at nearby workplaces 
as well as those in which he himself is involved. The allowance should include 
time out for the treatment of minor cuts and scratches, even though the worker 
in question has never had an accident. Time required for oiling the machine and 
for keeping records is included under this classification. 

5. Multiple machine interference. If a worker supervises the operation of two 
or more machines, he may not be able to keep their operations completely syn- 
chronized. Both machines may be stopped at the same time, and one must remain 
unattended until the worker starts the other. A standard which assumed that only 
one machine would require attention at a time would be unrealistic. The concept 
of multiple machine interference was explained in Chapter 10 (page 184). 

6. Faulty materials or tools. Motion study and time study assume that materi- 
als, tools, and equipment are standard; but at times variations may be expected. 

7. Fatigue. Fatigue varies with the length of the workday, the type of work, 
conditions of work, rest periods, and other factors. The allowance is necessary, 
but the proper amount is uncertain. Time required for the worker to develop 
rhythm or to get into the swing of the task is included in the fatigue allowance. 

8. Defective work. If the worker is required to rework defective products or 
is allowed no credit for the spoiled product, an allowance may be necessary for 
this factor in order that his production for the day may be satisfactory. 

9. Delay. Delay may be caused by machine breakdown, lack of materials, 
interference with production at a preceding operation, lack of power, or failure 
of the foreman to assign the worker a task. These causes are usually the fault of 
management. Such an allowance results in the inclusion of the cost of delay in 
direct labor cost, and for that reason an allowance is objectionable. Another 
method is to list delay separately and to record the cost as indirect labor. The 
amount of delay should be known for use in making the budget, determining 
standard costs, and making cost estimates. However, a time-study allowance is 
frequently made for unavoidable delays. 

The allowance may be stated as a percentage or as an amount of 
time, such as 0.05 of a minute. It usually is a percentage of the aver- 
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age time taken. The amount of the allowance may vary from 10 per 
cent on office work to 35 per cent on some types of hot and dirty work. 
The percentage should be determined on the basis of observations and 
studies of conditions in various types of work. For an illustration of 
the method of computing the total time, see the observation sheet for 
time study in Figure 42 (page 370). 

The amount of the allowance for fatigue and delay is clearly related 
to the method of making the observations of the task and the selection 
of a typical performance. For example, if .the time-study man kpows 
that he can add 10 per cent to the time taken in making allowance for 
delays, he may make comparatively loose observations of worker per- 
formance. If the allowance is as much as 20 per cent, his observations 
and the selection of the kind of average to employ can be made\in 
such a way that observed time is much less. His objective in each cise 
is a standard that will enable the worker to produce a fair amount of 
work in a day. 8 


ESTIMATING THE TIME STANDARD 

The standard time may be set by a method which is known as esti- 
mating, which uses the results of previous time studies. Two such 
methods are available: standard element times and predetermined time 
standards. 

Standard Element Times. After many time studies have been made, 
standard times may be established for elements which are common to 
many tasks. When new work is to be run, the standard time is set by 
assembling the necessary elements and their standard times. For exam- 
ple, in operations performed on a lathe, standard element times may be 
established for such element times as the following: select rough cast- 
ing, pick up casting, insert in chuck (holding device), tighten chuck, 
bring tool to position, and various other necessary elements. On a new 
task, standard data may be available for all of the element times; or a 
study may be necessary for some one element, such as the cutting time 
of the ma chi n e. Standard element times are used whenever they are 
available in order to maintain uniformity with other jobs as well as to 
save the cost of making a complete study. However, the time-study 
man must be sure that the standard elements are the same as those of 
the new task. 

* Rating and'. Allowances in Time Study," Advanced Management, Voi. XXIV, No. 7 
(1959), p. 28. 
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By the use of standard element times, the cost of a new product may 
be estimated prior to production. The product engineer would first 
design the parts which are necessary to the finished product. He would 
then list the operations necessary to make each part, such as cut a piece 
of the necessary length, drill holes, ream (enlarge or shape the holes by 
turning), finish or mill the edges, press, crimp, and solder. Standard 
element times are arranged for assembly as well as for fabrication. In 
this manner the standard labor cost is estimated. Overhead cost is esti- 
mated on the basis of the standard time, together with data for manu- 
facturing expenses. Material cost is estimated from market prices or 
bids from vendors. 

Using standard element data to build up the cost of operations, parts, 
subassemblies, assemblies, and the completed product has been com- 
pared with using the letters of the alphabet to build up words, sen- 
tences, paragraphs, and the complete essay or book. Once the elements 
are known, a new product may be completed by a rearrangement of the 
elements. 4 The method of standard element times originated with 
Frederick W. Taylor.® It is now in quite general use. 

Another use of standard element data is the determination of piece 
rates in advance of production. When the design of the product is 
changed each season, and when the seasons are relatively short, the fix- 
ing of piece rates before the work is put into production is especially 
desirable. For example, a manufacturer of knit goods, such as mittens, 
scarves, and stockings, had 250 designs of colored embroidery work, 
which were changed each year. To permit the piece rates to be used as 
soon as production was started, the time-study man conducted a series 
of experiments on various designs and types of work. He found that the 
basic motions used to make the various designs were the same and that 
the length of the stitch made no difference. The time required to make 
a design varied with the number of stitches, the placement or position- 
ing of the stitches, differences in the weight of the fabric, and the sim- 
plicity or complexity of the design. Standard times and piece rates were 
set by multiplying the number of stitches in a design by the standard 
element times and adding or subtracting a percentage to allow for varia- 
tions in fabrics and in complexity of design. Time for threading 
needles was computed by the use of other standard element times. 


4 H. K. Hathaway, "On the Technique of Manufacturing," Annals of the American Acad- 
emy of Politic al and Social Science, Vol. LXXXV (1919), pp. 231, 246. 

•Frank B Copley, Frederick W. Taylor (New York: Harper & Bros., 1923), Vol. I, 
P. 227. 
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This procedure not only resulted in advance determination of piece rates 
but also in a reduction in the number of complaints of unfairness in 
the rates . 6 

Standard element times have other advantages. They result in fairer 
standards for different tasks. The standards are set more quickly. Time- 
study men can use their time to better advantage by making careful 
studies of elements that are common to many kinds of work. After the 
basic studies have been completed, only occasional studies need be made 
of new motion elements in other types of work. j 

Predetermined Time Standards. An adaptation or extension or the 
method of standard element times is the development of predetermined 
time standards computed from fundamental manual motions. Several 
well-known systems of this kind are available. They are called bisic 
motion time study, elemental time standards, motion-time analysis, 
methods time measurement, and work factors. Each system provides 
tables of time standards for the basic motions, which can be used to de- 
termine the total standard time for various tasks without further use of 
the stop watch. The tables show the time required for each element 
under any conditions of work. The standard can be used in any indus- 
try or company, provided that the basic motions and the conditions of 
work are the same as those under which the standard was fixed. Such 
standards are used for machine operations, bench work, line-paced as- 
sembly work, inspection, and materials handling. A few companies use 
them for repairs and maintenance tasks. 

Predetermined time standards are characterized by the extreme care 
of the methods engineer in analyzing motions and standard times. For 
each motion element, a different standard is set for each of the varying 
conditions under which the motion is made; and in using the standards, 
the engineer studies each task to determine the proper time. For ex- 
ample, the conditions under which a worker might reach for an object 
are as follows: 

Reach to object in fixed location. 

Reach to single object in location that may vary slightly from cycle to cycle. 

Reach to object in a group. 

Reach to very small object or where accurate grasp is required. 

Reach to indefinite location to get hand in position for body balance, or next 
motion, or to get it out of the way. 

Tables of data for basic motions performed under varying conditions 

* Ralph P. Kreuter, “Standard Times for Handicraft Jobs," Factory Maaagement and 
jMam/enan**, Vol. CIX, No. 11 (1951), pp. 94-97. 
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have been compiled for move, turn (including turning motions requir- 
ing the application of pressure), grasp, position, disengage, and release. 
One system recognizes only three fundamental arm motions, and the 
type of motion depends upon the manner in which the motion ends. A 
motion may end in impact, such as hammer against nail or other object. 
Another type of motion ends in the air without impact. Examples in- 
clude drop delivery, the end of an upward stroke with a hammer or 
other tool, and the release of a part that is thrown into a box or a chute. 
The third type of arm motion ends with the act of grasping or placing 
an object. 

Although any arm motion can be classified into any of the three 
groups, each type appears in endless variations. The objects moved may 
be heavy or light in weight. They may be fragile or sturdy. The objects 
grasped at the end of an arm motion may be large or small. If they are 
piled together in a box, the operator must select the object to be grasped. 
In other cases, no selection may be required. Some arm movements 
might require that the eye follow the movement, and other movements 
do not require the operator to look carefully. In a series of arm mo- 
tions, the eye may follow the arm for some motions and not for others. 
All of these variations must be taken into consideration in arriving at 
the standard time for a motion element. Each system of predetermined 
time standards provides tables and formulas which can be used in the 
study of any task . 7 

Most companies use predetermined time standards to supplement 
studies made with the stop watch. In some cases, the predetermined 
standards are checked by studies in which the stop watch is used. A 
verification of time study in the shop may be desirable to satisfy an em- 
ployee or a union representative, and to develop confidence among the 
engineers who may not entirely trust the accuracy of predetermined 
standards. Frequently the stop-watch procedure may be used to set 
standards for machine-paced work which is not covered by the standard 
tables. In some cases, the stop watch may be used for a part of the 
operation while tables are used for the rest of the work. 

The setting of the time for a task by predetermined standards re- 
quires a thorough understanding of the procedure. People should be 
selected for the work because of their ability to profit by training. Con- 
sultants may be employed to train time-study men, foremen, and others 
in the system. Some companies send key personnel to conference schools 
where the system is studied and practice in the techniques is given. 

*G. B. Bailey, "The Theory and Practice of Predetermined Time Systems,” Advanced 
Management, VoL XXIV, No. 5 (1959), pp. 5-11. 
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Some companies employ consultants to handle the entire project of 
introducing predetermined standards. Special provision would then be 
made for keeping the standards revised when tasks are changed or new 
work is begun. 

REVISING WORK STANDARDS 

Work standards may be expected at times to be either too tight or 
too loose because they are established by one person who observes the 
methods used and the time taken by another. Standards may be fin- 
accurate at the time they are computed, or they may become inaccurate 
as a result of improved methods or increased effort on the part of the 
worker who develops greater skill or puts forth more effort. The need 
for revision from time to time is therefore the usual experience. \ 

The Tight Standard. If the worker is unable to make the standard, 
a study should be made of the task over a period of a day or more. In- 
ability to meet the standard might be due to such causes as slow set-up 
of the machine, too much time taken for personal needs, delay in re- 
ceiving materials, or materials lacking in uniformity. In some cases the 
worker might not have been properly trained; or for other reasons, he 
might not be following the best methods. The machine might be out of 
adjustment, or the worker may be stopping the machine too frequently 
to make adjustments. The standard might be too tight because the level- 
ing and correction factors were too low, or allowances may be too small. 
Appropriate steps should be taken by the standards department to cor- 
rect any difficulty, regardless of whether the trouble can be traced to the 
time-study man, the worker, or some member of a line or staff depart- 
ment. 

The complaint of the worker who believes a standard to be unfair is 
frequently made through the office of the union steward. If neither the 
worker nor the steward is familiar with the methods of time study, they 
may be unable to understand the basis for a standard which is fair and 
reasonable. A solution which some companies have found successful is 
to give a short course for shop stewards. Such a course is designed to 
impart an understanding of the method rather than to develop trained 
time-study men. Stewards who have completed a short course of this 
kind may arrive at an intelligent decision on the merits of a rate that has 
been challenged. Many labor unions also provide courses of training in 
time study for their shop stewards and other union representatives. 

Unions may check or review a production standard at the time it is 
set without waiting for a complaint to be made by a worker. In some 
cases, the union representative may check the calculations made by the 
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time-study man in making the study. Occasionally a union officer will 
make his own study, which he uses as a check of the standard as set by 
the management . 8 If a standard is'believed by the union to be too tight, 
a complaint is made when the initial study is completed. 

Some companies have agreed to provisions in the union contract 
which provide for the arbitration of disputes concerning the accuracy of 
standards which the worker and the union regard as too tight. The con- 
tract provides for the appointment of an arbitrator who will hear the 
arguments of management and the union and who will make his own 
investigation of the standard. On the basis of the arguments and his 
own study, he will render an opinion. After a standard has been ap- 
proved by the arbitrator, it is accepted by both management and the 
union. If the arbitrator decides that the standard is too tight, manage- 
ment may proceed to make a new study and to set a revised standard. 
Time-study men usually object to the arbitration of production stand- 
ards because such a standard is a measure of efficiency. A standard that 
has been approved by an arbitrator cannot be revised even though ex- 
perience demonstrates that it is very loose . 9 

Revising Loose Standards. When many work standards are known 
to be loose, any one of several procedures may be followed . 10 The 
standards may be revised one at a time, the old standards may be re- 
tained and tighter standards may be established for new work or for 
changed work assignments, or a plant-wide program may be initiated. 
Any method may arouse the opposition of workers and unions who may 
fear an undermining of the wage structure and the layoffs of some 
workers. Probably the most practical procedure in such cases is a gen- 
eral revision. The requirements for successful revision are the develop- 
ment of a plan; the explanation of the plan at the proper time to 
management personnel, workers, and union representatives; proper 
guarantees to workers against layoffs and wage cuts; and provision for 
handling grievances arising under the program. The reason usually 
given for the revision of work standards is that inequities in wage pay- 
ments need correction. A further argument is that a rigid wage structure 
and fixed production standards may put the company at a disadvantage 
in meeting competition. Sometimes all of the companies in an area may 


•"The Truth About Wage Incentives,” Factory Management and Maintenance, Vol. 
CXVII, No. 4 (1959), pp. 74-84. 

’ James J. Foley, "How Not to Handle Productivity Disputes,” Harvard Business Re- 
view, Vol. XXXVII, No. 5 (1959), pp. 68-80. 

" For discussion of the difficulties of correcting a loose standard, see William F. Whyte, 
"Economic Incentives and Human Relations,” Harvard Business Review, Vol. XXX (March, 
1952), pp. 75-80. 
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find themselves at a disadvantage in meeting price competition because 
of loose standards that cannot be changed. 11 Both the company and 
the worker may be affected by such a situation. 

Criticisms of Time Study. Objections to time study relate to the 
method of fixing the standard time. Some of the severest criticisms have 
come from psychologists. The objections made to time study are not to 
be regarded as invalidating the technique, for time study has unquestion- 
ably proved its value to management. 

One objection is that allowance is not easily made for differences in 
day-to-day production. Such differences are due to lack of sleep, Exer- 
cise, fatigue, digestion, and possibly a "psychological periodicity." Pro- 
duction also varies according to the hour of the day. Furthermore, 
allowance is not easily made for differences in the capacities of workeVs. 
Many variables are not measured but estimated— for example, the de- 
gree of effort, degree of skill, working conditions, and fatigue. The 
number of observations to be made is left to the judgment of the time- 
study man. Another uncertainty is that the line between a normal time 
value and an abnormal time value is indefinite. 

The criticisms of time study may be summed up in the statement that 
the time-study man must rely upon his judgment rather than scientific 
measurement in the fixing of the final time. However, this criticism can 
be made of many other management methods. Judgment is required in 
valuing inventories, determining depreciation allowances, interviewing 
and rating applicants for employment, and evaluating jobs. The criti- 
cisms of time study indicate only that much skill, training, and exper- 
ience are required of the man who makes the studies. 

QUESTIONS 

1. Would the unusual element times be very long or very short? What might 
cause some element times to be unusually long? 

2. How can the practice of disregarding the unusually long element times be 
justified? 

3. Compare the arithmetic mean, the median, and the mode as methods of 
averaging the observation times for each element. 

4. Can a reliable standard be established on the basis of observations made of 
an average worker who works at moderate speed? 

5. Distinguish between the leveling factor and the correction factor. 

6. Distinguish between performance rating and the making of allowances. 

n See George P. Schultz, '’Decision Making: A Case Study in Industrial Relations,” Har- 
vard Business Review, Vol. XXX, No. 3 (1952) , pp. 105-13; Bruce Payne, "A Program 
farGhst Reduction/’ Harvard Business Review, Vol. XXXI, No. 5 (1953), pp. 71-82. 
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7. Under what conditions would an allowance be made for setting up the 
work, and when might set-up time be timed as a separate task? 

8. How is the standard time for a task affected by tolerances and the closeness 
of inspection ? 

9. Explain the interest of the following persons in time-study standards: fore- 
man, inspector, production planning and control clerk. 

10. Should the allowance for delays include time lost because of accidents? 
Is such an allowance fair or accurate? 

11. What use may be made of standard element times? 

12. Distinguish between standard element times and predetermined time 
standards. 

13. Why do time-study men object to the arbitration of standards which the 
worker or the union claim are too tight? 

14. What should the management do about a standard which has become 
very loose because the worker has found an easier and quicker way to perform 
a task? 


CASES 

42. CORRECTION OF LOOSE PRODUCTION STANDARD 

In the plant of the Sleepwell Mattress Company, the bottleneck operation was 
the job of sewing reinforcement bindings in the mattress. In the making of a 
mattress, the cotton batting and the wire coil unit were inserted in one end of a 
mattress cover, and the open end of the cover was then closed by a sewing opera- 
tion. To hold the entire unit in position, reinforcement bindings were sewed at 
various places in the mattress. The machine at which this work was done was 
manually operated. The worker placed the mattress on a metal platform which 
constituted a part of the machine. When the mattress was in proper position, the 
worker moved a lever; and the machine ran a strong cord through the mattress 
from top to bottom, pulled it tightly to hold the parts firmly, and tied and cut 
the cord. To prevent the cord from cutting the mattress cover, the machine placed 
a leather tufting under the string on each side of the mattress. This operation 
was repeated for as many reinforcements as were required. 

The piece rate at the reinforcement machine had been set after a study of the 
task had been made by the time-study man, who had observed a skilled worker 
making average effort to do the work. The rate was fixed at an amount that 
would enable a skilled worker to earn $12.00 per day at the job. The first man 
who was placed at the job was unable to keep up with the flow of work from 
preceding operations, although his piece-rate earnings averaged about $9.50 per 
day. He was transferred, and William Compton was given the reinforcement 
job. Compton proved to be very fast at the work, partly because he knew how 
to grasp a mattress to lift it to the machine, and also because he figured out a 
method of determining the proper spacing of the reinforcements. He could place 
a mattress in proper position by reference to the design on the material of which 
the cover was made. For example, some of the material was striped : and without 
counting the stripes, Compton was able to estimate the proper location for each 
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reinforcement. A part of the increased production by Compton was due to his 
willingness to work at high speed. He needed the money because of the sickness 
of a child, and he thought that he could consistently make good wages if he ap- 
plied himself to the work. 

Because of Compton’s ability to produce an unusually large number of mat- 
tresses, the reinforcement machine ceased to be a "bottleneck.” Mattresses no 
longer piled up at that workplace. Compton’s earnings averaged about $24.00 
per day. The time-study man, who regularly inspected the earnings of workers 
on tasks for which he had set standards, retimed the work and found that the 
adjustment for skill and effort had been too large. He therefore recommended 
that the piece rate be reduced in order that Compton should earn no more tnan 
$12.00 per day. When Compton complained, the foreman showed him the 
following statement in the company manual: \ 

"No rate setter is perfect. The mistakes which he makes are made on the i^p 
side as well as the down side. No employee thinks it is wrong to adjust a rate 
upward when a mistake on the down side has been made. There should be ju;it 
as fair recognition of the necessity and the right to make a downward adjustment 
in the rate as an upward adjustment.” 

Questions: 

1. Should the rate be adjusted? Give reasons for your answer. 

2. Would the worker readily accept the explanations given in the maunal? 
Why? 

3. May rates be adjusted downward as readily as they may be adjusted up- 
ward? Why? 


43. DEVELOPMENT OF STANDARD ELEMENT TIMES 

The Argyle Company operates a fleet of lift trucks which move and store ma- 
terials stacked on pallets. To enable the company to evaluate the work of opera- 
tors, to provide information for a bonus system, and to achieve more effective 
utilization of the trucks, the standards department compiled a set of standard ele- 
ment times which can be combined to establish a standard time for any task with- 
out any further use of the stop watch. 

The elements required for the operation of a lift truck were analyzed and 
found to consist of the following: get into truck and be seated, start motor, 
put into gear, gain acceleration, travel, apply brake and bring to a stop, lower 
fork, pick up load by raising fork, gain acceleration with fork loaded* travel with 
fork loaded, bring truck to a stop with fork loaded, raise and tilt fork, deposit 
pallet. The standards department developed standards for each of these elements 
under varying conditions. The studies were made outside the production area in 
order that employee and other traffic might not interfere. Allowances for delay 
were made after the basic data had been developed. Since the standards were 
established for the maximum speeds of trucks, further adjustments were required 
because of safety requirements. 

In making the studies, the standards engineer marked off spaces 10 feet in 
length along a course which totaled 1 50 feet. He found that when the truck was 
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traveling without load, it gained its maximum speed after traveling 60 to 100 
feet, depending upon the size of the load. After the truck got under way, the 
travel time was proportionate to the distance. These experiments were made with 
varying loads, and in each case the time required was determined by the stop 
watch. 

To determine the proper time required to bring the truck to a stop, allowance 
wfc made for the size of the load. A quick stop for a loaded truck might cause 
the load to fall off the fork. The driver was instructed to apply the brakes in a 
safe manner when he reached the beginning of the course while traveling at 
the maximum speed. Experiments were made to establish safe acceleration speeds 
with varying loads before the timing was done. 

The time required to raise the fork with varying loads was determined for 
varying distances in increments of six inches. These studies were made by mark- 
ing the spaces on a column in the storeroom and then having different sized loads 
lifted to each level. Detailed tables were prepared to indicate the time required. 

The standards engineer found that the performance varied with the make and 
size of the truck. A Clark truck, for example, did not perform in the same manner 
as a Ross truck. Different times were also required for large trucks and small 
ones. Complete studies were therefore made for each type of truck. Adjustments 
in the element times were made for traffic interference, safety, and delays. With 
these standard element times, the standards department was able to determine in 
advance the time that would be required for any work of moving and stacking 
materials and withdrawing them from the storeroom. 

Questions: 

1. What are the advantages of standard element times as developed in this 
way? 

2. What objections, if any, can be made to them? 
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21 The 
Problem 
of Wages 


Wage determination is one of the vital problems of 
management. It is of great significance to the workers and their families 
because their standard of living depends upon the wages paid. The 
status of the worker within the factory and the standing of his family 
in the community also depend in part upon his wages in relation to the 
earnings of others. Both the amount of earnings and the method of 
payment are important. Social significance is attached to such distinc- 
tions as being paid by the month and being on the office payroll. 

To the employer the problem of wages is important not only because 
wages are a part of the cost of the product but also because an equitable 
and satisfactory settlement of the wage question is a factor in the estab- 
lishment of proper personnel relations. Controversies over wages are 
not the sole cause of industrial strife, although they are a frequent 
cause. Industrial strife is costly to the employer and should be pre- 
vented if possible. 

Some of the questions relating to wages are as follows: 


What determines the general level of wages? Are wages fixed by economic 
law? 

How does the employer determine the amount of wages? 

What can workers and management do to increase the amount of wages paid? 

What are the relative merits of payment on an hourly basis, by piece rates, or 
by some type of bonus system? 

How are the wages in various jobs or trades determined ? 

What factors influence the amount paid to one worker in comparison with 
another? 


397 
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These and othec questions of similar nature will be considered in this 
chapter and the following chapters. 

THE ECONOMICS OF WAGES 

The question "what determines the level of wages” has long been dis- 
cussed by economists, and several theories have been advanced. The best- 
known wage theories are the marginal productivity theory, the commod- 
ity theory, the functional theory, and the theory of relative bargaining 
strength. \ 

The Marginal Productivity Theory. The marginal productivity theory 
of wages is usually explained by reference to agriculture. If a farmer 
with a given amount of farm equipment and livestock has been produc-> 
ing a stated amount of grain or other crop, he may more than double 
the output of the land by employing an additional worker. As he em- 
ploys additional workers to cultivate the same land, the product per 
worker will ultimately begin to decline. The farmer may profitably em- 
ploy additional workers as long as the wages paid are less than the pro- 
ceeds derived from the sale of the increased product. Ultimately, the 
increase in the product resulting from the employment of an additional 
worker will just suffice to pay the wages. The last worker employed is 
marginal. The amount of increased production attributed to him is the 
marginal productivity. His wages tend to equal the value of the product 
attributed to him. His wages would also determine the wages of all 
other workers, provided all persons on the farm are doing similar work. 

The marginal productivity theory is a good explanation of wages in 
an agricultural economy. In industry the application might imply that a 
manufacturer could add one or more additional workers and that he 
would continue to expand his plant, if wages were so low as to afford a 
profit from an increase in output. The manufacturer might also use 
more workers by operating his plant for more hours of the day. His 
difficulty would arise in the marketing of the additional output or per- 
haps in the purchasing of raw materials. However, if manufacturers 
and farmers generally were able to employ more workers, the product 
could be sold to other workers, who would have increased purchasing 
power and would in turn produce more materials and goods for sale to 
others. Thus, demand and supply would tend to be equalized. 

The marginal productivity theory assumes competition between work- 
ers for jobs and. between employers for workers. It assumes that, be- 
cause of this competition, the worker will be paid all he is worth to die 
employer. A perfect operation of the theory would also require some 
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practical method of measuring the contribution of the marginal worker. 
This theory has had wide acceptance among economists. 

The Commodity Theory. The- commodity theory of wages regards 
labor as an article whose price is fixed in the market in the same way 
that the price of any article of merchandise is fixed. When the supply 
of labor is increased in relation to demand, wages decline. When the 
supply is decreased in relation to demand, wages increase. A change in 
demand, in comparison with the supply of labor, will affect wages in 
a similar manner. 

Labor differs in many respects from such a commodity as coal or lum- 
ber. Labor cannot be separated from the personality of the worker. The 
employer cannot purchase the skill and brawn of the worker without 
taking into his plant a human being with all of his emotions, prejudices, 
antagonisms, and other attributes. Furthermore, the value of the serv- 
ices of an individual depends in part upon what is paid in wages, for 
it has been demonstrated many times that an increase in wages may re- 
sult in better service and lower unit costs. Labor is immobile in that the 
worker has his personal and family ties to a community. He does not 
readily move from one job or one factory to another merely because of 
the lure of slightly higher wages. On the other hand, he may change 
jobs on provocations which appear to the employer to be unjustifiable. 
Labor is perishable, and services not sold each day are forever lost. 
Labor also differs from a commodity in that it constitutes both supply 
and demand. An employed worker sells his services; and he must have 
food, clothing, and shelter in order that he may live. The wages paid 
him are spent for the products of workers in various industries. The 
commodity theory is therefore not an adequate explanation of the fac- 
tors that determine wages. 

The Functional Theory. The word "function” as used in the name 
of this theory means a magnitude or trait that is closely related to an- 
other magnitude and that varies with it. The functional theory holds 
that wages depend upon the pecuniary, industrial, and economic factors 
of the industry. 1 The amount paid workers in an industry depends upon 
two factors: (1) the efficiency of the industry and its methods of pro- 
duction, and (2) Jhe ability of wage earners to discover and to appro- 
priate income in competition with other groups. In other words, the 
amount an employer can afford to pay depends upon the state of the 
industrial arts and the general level of industrial efficiency; but the 
workers may not receive their share unless they know how much the 

1 *11113 theory was first advanced by Walton H. Hamilton and Stacy May, The Control 
of Wages (New York: George H. Doran Co., 1923) . 
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employer can afford to pay and unless they make their demands for 
higher wages and other benefits. 

The efficiency of industry is affected by the development of the tech- 
nique and the science of management, the extent to which machinery 
and laborsaving devices have been perfected and utilized, and the man- 
ner in which the plant is organized. The amount of wages the industry 
can pay is also affected by the costs of raw materials, the salaries paid 
to managers, and the prices for which the products of the industry can 
be sold. 

The functional theory of wages is very realistic. Instead of the hope- 
less outlook for raising wages which is presented by the other wagp 
theories, the functional theory makes possible a constructive prograr 
To raise wages, labor unions should do two things: First, they should^ 
co-operate with management in increasing production, eliminating waste, 
and introducing the most economical methods. Second, they should de- 
mand their share of the product by pressing for higher wages. This pro- 
gram would result in the increase in the wages of all workers rather 
than in increased wages for one group at the expense of another. 

Relative Bargaining Strength. The level of wages in a trade or an 
industry depends in part upon the extent to which employers are organ- 
ized and by express or tacit agreement refrain from bidding competi- 
tively for labor, or the extent to which they actively compete for labor. 
Labor itself may or may not be effectively organized to press its de- 
mands for higher wages. 

If one large employer dominates the labor market in a town or indus- 
trial area, the level of wages established by him may by tacit or ex- 
pressed agreement be observed by other employers in the area. Other 
employers may pay somewhat higher or lower wages as the occasion 
seems to them to require, just as one company may decide to sell its 
product for a little more or a little less than the prices of its largest 
competitor. In that case the large employer occupies a position compar- 
able to that of a monopolist. He fixes the price and lets the supply of 
labor be what it will. If more labor is required, he can draw more 
workers into the labor market by increasing wages. The higher wage 
would cause more persons to move into the area. It would prevent 
young persons from leaving; and it would cause wives, daughters, and 
others who previously were unemployed to seek employment. The 
employer thus pays what is necessary to obtain the help he needs. 

If labor Is well organized and the employers are not organized, the 
situation Is reversed. The union may demand a high wage and thus fix 
the price of labor. The employer is then required to adjust his business 
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to the wage level. If he is unable or unwilling to employ all potential 
workers at the established wage, some workers remain idle for the time 
being. The union will seek to control the situation by various restric- 
tions upon admission to the trade and upon union membership and by 
stretching out the work to make more jobs. Thus the union fixes the 
price of labor and possibly the amount of work done in a day, and 
it permits the volume of employment to find its own level. 

If both employers and workers are well organized and each achieves 
a monopolistic position, the situation resolves itself into a contest of 
strength between the two forces. In such a contest, there is an upper 
limit beyond which the wage level cannot go without threatening 
workers with the loss of their jobs. Within certain limits the level of 
wages is fixed by bargaining. 

WAGE CRITERIA FOR THE EMPLOYER 

The individual employer does not gain much assistance from the eco- 
nomic theories of wages. His difficulty arises from the fact that he can- 
not measure the contribution to the product which is made by any one 
employee. For example, if fifty-five separate operations are required in 
the manufacture of a pair of trousers, the garment is not complete with- 
out all operations. The sales price of the finished product must be di- 
vided among a great many persons, including, in addition to the fifty- 
five workers in the trousers factory, the sales manager and his assist- 
ants, the employees in the accounting office, the maintenance men, the 
employees in the power plant, the stockholders, the creditors, and many 
others. The employer lacks a definite rule to guide him in the allocation 
of the proceeds of the sale, and he must use some practical criteria 
which approximate fairness and justice. Possible criteria are as follows: 

What is necessary to get workers. 

The cost of living. 

The ability of the employer to pay. 

Working conditions in the plant. 

Nature of the job. 

Skill and personal qualities of the worker. 

What Is Necessary to Get Workers. Each employer may have estab- 
lished his wage rates by bargaining with workers individually or collec- 
tively over a period of several months or years. In that case, he pays 
what he is compelled or induced to pay. Such rates have no relation to 
the worker’s contribution to the manufacture of the product and no 
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relation to sales prices. If the employer finds that he is unable to retain 
workers after they have been employed, he might attempt to correct the 
situation by wage increases. 

When the employer pays what he considers necessary to recruit and 
maintain his work force, he usually measures his wage rates against the 
wages paid by other firms employing workers of similar capacities in 
jobs comparable in their mental and physical requirements and in their 
agreeable and disagreeable factors. He might attempt to pay a little 
more than a neighboring employer if jobs in' his plant are more dis- 
agreeable or more tiring. \ 

Wages are known to vary somewhat between plants within an area 
and between plants in different sections of the country. Variations i® 
wage rates between plants within an area are certain to cause dissatisfacA 
tion, unless the differentials are offset by regularity of employment or 
some other factor. Variations between wage rates in different sections 
of the country are generally interpreted by labor leaders as proof that 
wages in one area are too low. However, the difference might be offset 
by other advantages to workers in the low-wage area, such as paid vaca- 
tions, retirement allowances, sick benefits, and stabilized employment. 
If the total compensation of workers actually differs, several explana- 
tions are possible. The training and efficiency of workers may not be 
comparable, the employers may be too inefficient to pay high wages, 
or the supply of workers may be excessive as compared with the op- 
portunities for employment. . An excessive supply of workers would 
ultimately be corrected by a movement of industry into the area to take 
advantage of the low wage rates or by a migration of workers out of 
the area. The removal of geographical wage differentials by legislation 
might be unwise because they may serve a desirable economic purpose. 

Cost of Living. If wages are based upon the cost of living, a minimum 
standard is assumed for food, clothing, shelter, medical care, and other 
items. Some minimum budgets estimate the living costs on the basis of 
facilities that a public welfare agency might consider necessary to the 
maintenance of comfort and decency. In the preparation of a minimum 
budget, it is usually assumed that the wage earner must support a family 
of four. According to the census data, however, the number of em- 
ployed persons is greater than the number of families in the United 
States. In many families, two or more persons are gainfully employed 
and in other families, no one is gainfully employed. Many wage earners 
axe not members of families. They may reside in boarding houses or 
institutions. 

■ Other assumptions in estimating foe wage rate necessary for a mini- 
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mum budget relate to the regularity of employment, the amount of over- 
time work, the type of living quarters, the ages of the children, the na- 
ture of the transportation facilities, and other such considerations. Such 
budgets can be used only as general criteria. They do not apply to 
individual situations. 

If the employer is engaged in interstate commerce, he is required to 
pay the minimum wage prescribed by the federal Fair Labor Standards 
Act, except that apprentices and learners are subject to special require- 
ments. The minimum wage is presumably based upon a minimum budg- 
et. In the hiring of workers, the employer must decide whether the 
applicant is worth the minimum wage. This provision may result in the 
exclusion of some persons from the ranks of the employable. 

Wage differentials between city and country and between various sec- 
tions of the country are usually justified by differences in the cost of liv- 
ing. The practice of increasing the salary of an employee when he 
marries or when a child is born into the family rests largely upon the 
justification that the cost of living has increased, although a raise may 
be justified on the ground that persons with dependents are more likely 
to be stable and reliable and less likely to be floaters. The cost of living 
is also recognized in the practice of giving preference to persons with 
dependents in layoffs, rehiring, and perhaps promotions. 

Labor leaders have usually opposed the basing of wages solely upon 
the cost of living. 2 The objective of labor is to gain for workers a larger 
percentage of the output of industry. Its leaders argue that as industrial 
production increases, the real (not money) wages of workers should be 
increased to enable the larger volume of goods to find a market. The 
objective is a constantly rising standard of living for labor. However, 
unions frequently support their wage demands by data on increases in 
living costs. They point out that rising prices reduce real wages unless 
money wages are increased accordingly. A formula for wage increases 
in proportion to increases in the cost of living was first included in the 
contract between General Motors Corporation and the United Automo- 
bile Workers, C.I.O., in 1948. Similar provisions have been included in 
contracts between unions and managements in the railway transporta- 
tion and other industries. 

The proposal to allow increases in wages in proportion to changes in 
the cost of living raises a number of general problems. An increase in 
wages that is made to compensate for rising prices would probably have 

*Far discussion of the use of cost-of-living data in wage negotiations, see Sumner H. 
Slichter, Basic Criteria Used in Wage Negotiations (Chicago: Chicago Association of Com- 
merce and Industry, 1947), pp. 10-18. 
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the effect of further increasing the demand and causing further in- 
creases in prices. If ail incomes are raised to compensate for changes 
in the cost of living, and if the output of goods is not increased accord- 
ingly, the only effect would be the distribution of the same supply of 
goods to the same persons in the same proportion. In practice, some 
persons will not receive cost-of-living increases. Such persons include 
many salaried workers, annuitants, pensioners, and persons whose in- 
come is subject to price control, such as landlords. The usual effect is 
therefore a gain for some groups at the expense of others. The problsm 
becomes most acute during periods of monetary inflation when rapid 
advances occur in the sales prices of the products of the company, toe 
cost of living, and all other items included in the price level. During 
such periods, wage increases are necessary and desirable, even though 
the incomes of some groups lag behind the general increase. Individual 
employers can only minimize the effects of inflation when the difficulty 
is due to causes in the national and international fields. The remedies 
can be provided only by the government through a control of banking 
policies, credit, borrowing, and spending. 

Closely related to the question of the cost of living is the demand of 
unions that "take-home pay” be maintained after overtime work has 
been eliminated. The demand for an increase in hourly wages to com- 
pensate for the loss of overtime pay is supported by the argument that 
such an increase is necessary to prevent a decrease in living standards. 
This argument overlooks the fact that workers expect an increase in pay 
when hours of work are increased. In considering a demand for main- 
taining take-home pay, the employer should consider the rates of wages 
paid by competitors, the effect of the elimination of overtime work upon 
productivity, and the existing level of wages. 

Ability of the Employer to Pay. One of the arguments made by labor 
unions for wage increases during periods of prosperity is that wages 
should be increased because employers can afford to pay more. The in- 
crease in wages, it is contended, can be paid from profits without the 
necessity for price increases. According to this argument, whidi requires 
"a look at the books,” those employers who are making sufficient profits 
should increase wages. If an employer is not making profits, he will be 
relieved of the demand for a wage increase and will be permitted to 
pay lower wages than other employers. 

The argument that wages should vary with profits can hardly be sus- 
tained. An employer whose business is well managed cannot be ex- 
pected to pay higher wages' than his competitors. If he did so, he would 
.bine no incentive for introducing laborsaving methods because the gain 
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would accrue to labor. Moreover, every employer would have a differ- 
ent scale of wages for the same job. AH workers would seek employ- 
ment where wages were highest, and they would refuse to work where 
the wages were low. Neither the union nor the individual workers 
would approve a low wage scale for an inefficient employer. 

In an economic system based upon the profit motive, the profits of 
efficient employers can be expected to exceed the profits of the less effi- 
cient. Profits provide the incentive for good management. They are the 
compensation for producing goods at a cost below the prices that con- 
sumers are willing to pay. If workers are to receive as wages all or a 
part of the profits in excess of a stated percentage, some standard of a 
fair rate of profit must first be agreed upon. This procedure would place 
all industries in a category similar to that of a public utility. The 
method is subject to both theoretical objections and practical difficulties. 

Profits are the most fluctuating factor in the national income. They 
increase sharply during periods of prosperity, and they decline during 
periods of depression. Wage rates normally fluctuate over a much nar- 
rower range. Workers cannot expect their wages to increase during pe- 
riods of prosperity by a percentage that is comparable to the increase in 
profits because wages do not decrease by comparable percentages during 
periods of depression. 

Over a period of years the ability of industry to pay higher wages is 
increased by technological changes and better management. The bene- 
fits of the greater productivity and decreased costs may be shared by 
the management, the stockholders or owners, and the workers. Con- 
sumers of the product may ultimately enjoy a part of the benefits 
through lower prices. A large part of the higher standards of living of 
workers from year to year is explained by the greater productivity. A 
definite provision for annual increases in wages was first included in 
the contract between General Motors Corporation and the United Auto- 
mobile Workers in 1950. The promise of an annual increase of 3 cents 
per hour for all employees is called the annual improvement factor. 
The willingness of the employer to guarantee such an annual increase 
in wages is predicated upon his belief that he can continue to lower 
costs through technological improvements and better management. He 
makes a substantial gain in productivity through the existence of the 
agreement itself because the union agrees not to call a strike for a pe- 
riod of years. The employer can regularize production without fear of 
interruptions due to labor trouble. 

Effect of Work Conditions. One employer may reasonably expect to 
hire workers at lower wage rates than another if he offers them better 
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working conditions. It is impossible to give a complete enumeration of 
the conditions of work, but they include lighting, heating and cooling 
the air, noisy or dusty conditions, monotony of work assignments, meth- 
ods of materials handling, provision of coffee breaks or rest periods, 
and the general attractiveness of the workplace. The opportunity to 
earn additional income through overtime work, employment on odd 
shifts, or increased production under an incentive system of wage pay- 
ment are also important. Another factor is the use of various financial 
benefits in addition to the regular wage, such- as payment for holidays 
or annual leave, sick benefits, pensions, and group life insurance. The 
worker is also interested in the stabilization of production and employ- 
ment, and wage payments under a guaranteed annual wage plan. These 
features of the managerial program have been discussed elsewhere. 
They are mentioned here to call attention to the fact that the worker i$ 
interested in many phases of the job besides the rate of wages. 

Nature of the Job. In any plant there is not one wage rate but there 
are many wage rates. Some jobs require greater skill and more training, 
education, and experience than others. Some jobs subject the worker to 
heat, cold, moisture, accident hazards, or other unfavorable conditions.. 
Some require heavy lifting or muscular exertion; and others require care 
in the handling of materials, tools, or equipment. Some jobs cause the 
worker to soil or possibly to ruin his clothing, while others permit him 
to wear clean clothing. The technique of evaluating the various factors 
in a job for the purposes of fixing wage rates and also for purposes of 
employing workers is called "job evaluation.” 

Several devices are used to vary the wages paid to workers on various 
jobs. A piece-rate or bonus method of wage payment is one such de- 
vice. Payment by the piece requires that standards be set to indicate the 
amount of work which represents a fair day’s work. Payment by the 
piece also requires that individual production records be kept. Employee 
records, are kept to indicate absences, tardiness, spoilage, and other sig- 
nificant facts, both favorable and unfavorable. All factors in the record 
of die employee should ultimately be reflected in monetary or other 
rewards. 

Ability of the Worker. Workers who are employed at similar jobs 
are not necessarily worth the same to the employer. They will differ in 
their productivity, regularity of attendance, accident record, spoilage of 
materials, ability to shift to other types of work, ability to help train 
new workers, and many other respects. The employer may therefore 
tate his workers as well as his jobs in order that he may pay them in 
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accordance with their value to him. However, the payment of different 
rates of pay to various workers on the same job because of differences 
in their personal traits creates the possibility of favoritism and subjects 
the employer to the charge of discrimination. The attempt to pay on the 
basis of merit frequently causes such a wave of dissatisfaction and com- 
plaints that most employers consider this basis of payment at the em- 
ployee level as impractical . 3 

BARGAINING ON WAGE RATES 

The wage paid to the individual worker is determined when he is 
employed. His pay depends upon the pay for the job, which may be a 
part of the general wage structure as determined by the employer with 
modifications as worked out in negotiations with a union. In most manu- 
facturing industries, the wage rates may be adjusted from time to time 
in negotiations to eliminate inequities or to grant wage increases in all 
job rates. The worker may get an increase because he qualifies for a 
higher rated job or because all rates are increased in the negotiation for 
the annual contract or upon action by the employer. In some industries, 
the union contract may run for more than one year, and the employer 
may voluntarily grant a general increase before the contract expires. 
Sometimes the union may be asked to agree to a general reduction in all 
wage rates when a contract expires; and in emergencies the workers or 
the union may be asked to take a general reduction in pay during the 
period of the contract. Such a request may be presented as the only 
alternative to closing the plant for an indefinite period, selling the busi- 
ness, or moving to another location. 

When the representatives of the union and the management enter 
into wage negotiations, each side will advance such arguments as seem 
to support its case in view of existing circumstances. If the price level 
has been increasing, the union may argue that a general wage increase 
is needed to maintain standards of living. If prices have been stable or 
are declining but profits are good, the union will say that the company 
is able to pay more. If neither of these conditions exists, the union may 
be able to point to other companies or other industries that have raised 
wages. It may argue that wages paid by the company are inequitable 
because of poor working conditions, odd work shifts, or other reasons. 
If conditions do not seem to support a demand for a general wage in- 

* See William E. McCauley, "Destruction of the Merit Increase," Advanced Management, 
Voi. XIX, No. 7 (1954), pp. 19-25. 
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crease, the union may press its demand for a guaranteed annual wage, 
higher pensions, or other benefits. 

The representatives of the company also adapt their arguments to 
meet the conditions of the moment. If the price level has been stable, 
they will point out that a wage increase is not necessary to maintain 
standards of living. If the profits of the company have been small, they 
may argue that a general wage increase will endanger the solvency of 
the company and may require a reduction in the size of the work force. 
If the situation will support the argument,. they may contend thajt a 
wage increase will cause an increase in the cost of the product that will 
put the company at a competitive disadvantage. \ 

According to the common pattern of negotiation, the representatives 
of the company and the union meet in conference. After the usual in- 
formal exchanges, the union representatives may express their interest 
in the welfare of the company, and the representatives of the manage- 
ment may express similar feelings about the workers. The union repre- 
sentatives then state their requests for wage increases and other conces- 
sions. A large union with a research department will support its de- 
mands with statistical and other data. Frequently, the union will ask for 
much more than it expects management to concede. When the union 
requests have been stated, the management may describe the serious 
effects upon the company if wage increases and other benefits are 
granted, and it may ask for time to study the requests. At the next 
meeting, the management representatives return with counterproposals. 
If the price level has been increasing and profits are good, an acceptable 
middle ground may be found. If the company can pass along the high- 
er costs to the consumer in increased prices for the product, agreement 
may more easily be reached. The higher wage may also be offset by re- 
ductions in costs, by improvements in methods introduced by the man- 
agement, or by increased production as a result of worker co-operation. 

If the parties cannot reach an agreement, the assistance of the United 
States Conciliation Service may be requested. The mediator will talk 
with the representatives of the two sides in a joint meeting. He then 
talks privately with the representatives of each side to determine what 
concessions each is prepared to make. If he knows to what extent each 
side is making demands for bargaining purposes, he may more easily 
bring them together. Frequently, one side or the other is pleased to re- 
sort to mediation as an excuse for retreating from too demanding a posi- 
tion. In extreme cases, however, a solution to wage and other contro- 
versies may be reached only after a strike. 



THE PROBLEM OF WAGES 


409 


QUESTIONS 

1. Workers are sometimes reminded of the wage-cost spiral, which means 
that increased wages cause higher costs and the higher costs lead to higher prices 
and further demands for wage increases. Is this relationship close and arc the 
consequences always as indicated ? 

2. Might a worker want a wage increase if prices subsequently advance by 
the same percentage as his wage increase? Why? 

3. Does the marginal theory of wages assume that all workers are equally 
efficient? To what extent are the assumptions valid? 

4. How does labor resemble a commodity and how does it differ? 

5. Does the value of the services of a worker change when his wage is in- 
creased? Explain. 

6. Do living standards of workers determine wages, or do wages determine 
living standards? 

7. Is the pay of a worker determined largely by the nature of the job, or is it 
determined by the personal qualities of the worker as reflected in merit rating? 

8. Can the pay of a worker be determined by the amount of his contribution 
to the value of the product? Explain. 

9. How is the pay of a worker related to his status in the community? 

10. How is the relatively high level of real wages in the United States ex- 
plained? Is it due to the strength of organized labor? 

11. Do workers join unions because they expect unions to get wage increases 
for them? If not, why do they join? 

12. How does the employer determine the amount of wages to pay for any 
job, such as file clerk, truck driver, or janitor? 

13. If the employer is making a high rate of profit, can he be expected to pay 
higher wages than other employers in the area? 


CASES 

44. EXTRA WORK ON SATURDAYS 

Charles Wolfe held a job which was classified as general helper in the main- 
tenance department. The union contract listed the work hours, but it also stated 
that a worker could be given extra work on Saturdays provided he agreed to come 
to work. The opportunity for such work was given to workers in the order of 
their seniority because not all of the maintenance workers were needed on Satur- 
days. Charles frequently accepted the chance to work, and he was glad to make 
some extra money. 

Usually the Saturday work consisted of light housekeeping chores, such as 
removing scrap and waste, sweeping around the machines and in the aisles, wash- 
ing windows, replacing warning signs, and painting stair railings, corners of 
steps on the stairways, and markings along the aisles. One Saturday morning 
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when Charles reported for work, he was told by the foreman that he was ex- 
pected to clean the metal drip pans under the machines, which were coated with 
oil and grease. When he was assigned to this work, Charles told the foreman 
that he had not agreed to do this kind of work and that a worker with less sen- 
iority should be assigned to do this dirty work. The foreman replied: "You were 
called in to work today because of your seniority, but your job is that of helper. 
You are expected to do any work of this kind that needs to be done. You have 
two hours to get this work done, and when I come back, I want to see all these 
drip pans clean." 

The foreman returned later to find that nothing bad been done to clean the 
drip pans. Investigation disclosed that Charles had checked out at the gate im- 
mediately after the foreman had left him. On Monday when Charles reported 
back to work, the foreman called the personnel director to his office and then 
called Charles to come to the office also. When Charles learned that the conferl 
ence was being called to discuss the incident of Saturday, he asked to be permitted^ 
to call in the union steward. 

The foreman related the facts pertaining to the work assignment on Saturday, 
and Charles did not deny the facts. The foreman asked the personnel director if 
he thought the refusal called for a disciplinary layoff, and the personnel director 
said he thought it did and the duration should be five days. The union steward 
protested the penalty because Charles was not required to work on Saturday. He 
was free to work or not to work as he chose, and in this case, he had chosen 
not to work. The reply of the personnel director was: "Charles was free to work 
or not to work on Saturday, and on Friday he elected to work. When he agreed 
to work, the foreman did not attempt to get any -one else to come, but he de- 
pended upon Charles. When he comes in for Saturday work, he isr required to 
accept all work assignments that are included under his job classification. More- 
over, he had no right to leave the plant without the permission of the foreman. 
He gets a layoff without pay." 

The decision of the foreman and the personnel director was referred to the 
plant superintendent in accordance with the usual company procedure. The 
plant superintendent approved the recommendation. The union steward referred 
the case to the executive committee of the union. The union requested that the 
case be submitted to an arbitrator as provided by the union contract. 

Question: 

Was the recommendation of the foreman and the personnel manager the 
correct decision? 


45. REVISION OF JOB DUTIES 

At the plant of the A. G F. Smith Company, the work of the finishers of wood 
cabinets consisted of waxing, polishing, and inspecting cabinets that were used 
for radio and television sets. Each finisher was required to inspect the cabinet 
W hen he had finished polishing it and to see that it was free of scratches or other 
.^perfections and feat the finish was otherwise of acceptable quality. The work- 
jps on this job were paid on a piece rate with a guaranteed hourly wage, 
jg^ Hie crating and shipping foreman reported to the plant manager that many 
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of the cabinets received for crating did not meet the standards of quality as set by 
the company. Since considerable time and expense would be involved in return- 
ing the cabinets to the finishing department, the foreman of the crating depart- 
ment had assigned a man to the work of retouching and refinishing cabinets. 
When the plant manager heard of this situation, he asked that the job of overin- 
spector be created in the finishing department, and this person would see that all 
cabinets met the required quality standards. Any cabinets that were found to be 
below the standard would be referred back to the finisher who had done the 
work, and he would be required to correct the defects. 

In the job description that was used as a basis for the job evaluation, the work 
of the finisher was described as including finishing, polishing, and inspecting. 
The union contract stated that the point value and the piece rate for any job 
could be revised by the company if the job was changed as a result of a change in 
the design of the product or the method of manufacture. Since the company re- 
garded the revision of inspection methods as a change in manufacturing, it re- 
duced the piece rate for the job of finisher. 

The union challenged the reduction of the piece rate. It alleged that the finish- 
ers had been doing the inspecting for four years, that the company had no right to 
narrow the work cycle, and that the finishers were being asked to take a pay cut 
to provide money to pay the inspector. As the company and the union were 
unable to reach an agreement on the matter, they referred the case to an arbitrator 
in accordance with the provisions of the union contract. 

The arbitrator held that the reduction in the piece rate could not be made by 
the company because methods of manufacturing the cabinets had not been 
changed. He ruled that a change in manufacturing would mean a change in the 
physical work elements, such as new materials, new machinery, new tools, or new 
processes. A different assignment of the work of inspection did not constitute a 
change in manufacturing methods as defined in the contract. As a result of the 
ruling, the old rate was restored and the worker was held entitled to payment at 
the old rate for all cabinets finished during the period while the case was being 
contested and arbitrated. 

Question: 

Was the arbitrator correct in his ruling? 

46. VARYING CAPACITIES OF WORKERS 

At the Office Appliances Company, parts for computing machines are pro- 
cessed in one part of the plant. About 2,000 parts are required for one machine. 
After the parts have been inspected, they are transported to another part of the 
building for assembly. Because the machines are light in weight and the assembly 
work requires considerable time, the machines in process of assembly are moved 
by the workers from one bench to the next. When a worker has completed work 
on a machine, he picks it up and carries it to another bench for the next operation. 

At one work station, three workers are employed on one phase of the assembly. 
The three workers perform the same operation on different units of the product. 
One of the workers, Albert Ross, has developed good use of both hands and can 
perform the assembly operation in six minutes. The other workers are slower. 
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and they see no reason for trying to work rapidly. Consequently, Albert can do 
the assembly work on three machines in about eighteen minutes while the other 
workers take several minutes more for three machines. This arrangement enables 
Albert to take a break and to sit down, to drink a cup of coffee, or to take a 
smoke in the smoking area when he wants to do so. If work accumulates at his 
work station while he is absent, he soon catches up after he returns. Usually, he 
keeps work supplied to the next work station, but he expects the other two work- 
ers who perform the same operation to keep their work moving and to prevent 
any delay. 

Albert has been subjected to considerable pressure from the other workers 
who want him to remain at his station and to keep working. Since he is unwilling 
to help them with their work, they think that he should work more slowly became 
his pace may came management to establish a lower standard time for the work 
and to put more pressure on all workers to follow a faster pace. As a result (if 
the situation, Albert often finds that the workers are not friendly toward him\ 
He is subjected to similar pressures from other workers along the line. 

The foreman has observed that Albert often takes a break while the other two 
assemblers continue at their benches. He has talked to Albert about his produc- 
tion record and the breaks, and he has urged Albert to follow a slower pace in 
order to keep things moving smoothly in the department. Although he has not 
expressed his anxiety, he thinks that if the time-study man should make another 
study of the task and set a shorter time, one of the workers might be dismissed , 
or transferred to another job. Albert has promised to work slowly, but he finds 
that the parts just seem to slide into place without much effort from him. He 
cannot understand why the other workers require so much time. 

Questions: 

1. How can the attitude of the foreman and the workers be explained? 

2. Does this situation require any action on the part of the foreman? 



CHAPTER 


22 Wage 
Systems 

A large number of methods of wage payments have been 
devised. Some methods emphasize the amount of time spent on the job, 
and other methods provide for payment largely on the basis of produc- 
tion. Some methods vary the payment on the basis of time, quantity, 
and quality of work. Many companies use more than one method of 
wage payment because the requirements of various jobs differ. 

Wage systems may be classified on the basis of the amount of bonus 
paid for increased production above a predetermined standard. From 
this point of view, wage systems may be classified into five groups, 
which are as follows: 

1. No increase in wages for increased production. The systems of 
payment falling under this classification reward the worker for time on 
the job rather than the amount produced. The retention, transfer, or 
promotion of the worker may depend upon his production rate; but his 
pay from one day to another does not vary with his production. Three 
wage systems fall under this classification — the day or hour wage, the 
measured day wage, and the annual wage. 

2. A slight bonus for production in excess of the standard but less 
than a proportionate increase. For example, a production of 5 per cent 
above the standard is rewarded by less than 5 per cent increase in pay. 
Examples are the Halsey plan and the Rowan plan. 

3. An increase in pay in proportion to the increase in production. Ex- 
amples are piece rates, the 100 per cent savings or premium plan, and 
the Bedaux plan. 

4. An increase in pay which is larger than the percentage of increase 
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in production. Some plans which may properly be classed under this 
heading do not grant the higher rates for all levels of achievement but 
only at certain fixed points. For example, the worker may receive a 
sharp increase in pay when his rate of production exactly equals the 
standard with no more than a prorata increase in pay for additional out- 
put. An example of a system of wage payment which liberally rewards 
the worker for equaling or bettering the standard is the Gantt system. 
The Emerson plan also awards substantial bonuses and is therefore dis- 
cussed under this heading. Under this plan, the bonuses increase most 
sharply just before production reaches the standard rather than at tne 
time it reaches the standard. \ 

5. Profit-sharing and bonus plans, which provide for additional pay- 
ments to workers not related directly to either time or production. These 
plans supplement some other method of payment, such as an hourly 
rate. 


SYSTEMS THAT GRANT NO BONUS 

Wage systems that fall under this classification reward the worker for 
the amount of time that he spends on the job rather than the amount of 
his production. His daily or hourly rate may be adjusted from time to 
time as the quantity and quality of his production increase or decrease. 
Nevertheless, on any one day, the pay is for time spent rather than 
quantity produced. 

Advantages of the Hourly Rate. Both individual workers and labor 
unions have been inclined to favor the hourly rate, although not all of 
them have done so. One reason is that payment by the day gives the 
worker some feeling of security. He knows how much he will earn 
each day and each week or month, so long as he continues to be em- 
ployed. He can therefore plan with some measure of assurance what 
he should be able to pay for rent, clothes, food, and other necessities. 
To the extent that he can budget his expenses, he has security and is re- 
lieved of fear and worry. His freedom from uncertainty is obviously an 
advantage to the employer as well as to the worker. The hourly rate 
permits the worker to emphasize quality of work. In any event, quality 
must be such that the product will pass inspection; but a worker on day- 
work can emphasize quality, whereas the worker on piece rates will 
think first of quantity. 

The hourly wage tends to develop a solidarity of interest among the 
workers. Workers at similar jobs may be paid the same rates, and they 
can raise their rates by gaining a general wage increase. Workers on 
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piece rates may increase their daily earnings by increasing production. 
Differences in daily or weekly earnings tend to destroy group solidarity 
because highly paid workers are less inclined to press for higher wages 
for workers whose production rate is low. 

From the point of view of management, the hourly rate has other ad- 
vantages. It requires a minimum of payroll work. To determine the 
amount due the worker, it is necessary to know only the rate per hour 
and the amount of time worked. The worker can readily figure his own 
pay when this system is used, and this fact is an added advantage to 
both the worker and the management. Many systems that are theoret- 
ically desirable on other grounds have been discontinued because they 
were confusing to the worker and required excessive payroll costs. An- 
other advantage is that the hourly rate can be used in any type of work. 
If the worker does a variety of tasks, such as repairs and maintenance, 
the hourly rate may be the most logical method to use. Even if the 
worker is engaged in repetitive work, such as assembly line work, the 
hourly rate may be satisfactory because the production rate may be con- 
trolled by regulating the speed of the line. 

Disadvantages of the Hourly Rate. From the point of view of the 
employee, a disadvantage is that superior workers are not encouraged 
to do their best. The hourly rate offers no inducement to the good 
workers to excel in production. The better workers may be inclined to 
follow a pace that enables them to avoid being criticized and that also 
protects slower workers. In fact, good workers sometimes permit others 
to take credit for some of their production. Workers or their unions 
often set informal production standards which are quite generally ob- 
served. 

Daily earnings may be lower when payment is by the hour. The 
effect of the method of payment upon daily or weekly wages cannot 
be definitely determined since all wages are fixed in relation to earnings 
on other jobs or in other plants. However, if the rate fails to encourage 
the better workers to do what is for them a fair amount of work, the 
result is lower productivity. According to the functional theory of 
wages, lower productivity results in lower wages. 

From the point of view of management, the hourly rate has addi- 
tional disadvantages. Good workers may feel that the rate is unjust to 
them. When all workers on the same type of work receive the same pay 
regardless of their efficiency or their production rate, the better workers 
are inclined to feel that the rate is unfair. The employer is required to 
assume the greater part of responsibility for maintaining production. 
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The worker has little incentive to produce more than is necessary for 
holding his job. Labor cost on contracts cannot be accurately estimated. 
Standard costs are unreliable because the rate per piece is not fixed. 

The Measured Day Rate. In the measured daywork plan the worker 
is paid a guaranteed daily rate plus a bonus which is determined by his 
individual performance. The guaranteed daily rate is the same for all 
workers on the same type of job. The bonus varies with the efficiency 
of the worker. The plan is usually so designed that approximately 75 
per cent of the total pay is base rate and 25*per cent is bonus. j 

The bonus to be paid under the measured day rate is determined by 
rating each worker. Ratings may be based solely on productivity, or two 
or more factors may be used. Factors used in the rating may be produc- 
tivity, quality of work, dependability of the worker, and versatility qf 
the worker or his ability to do various kinds of work. The factors are 
weighted according to the requirements of each job. For example, pro- 
ductivity may be weighted 50 or 60 per cent, with the remaining per- 
centages assigned in varying amounts. 

The essential feature of the measured day rate is that the perform- 
ance of employees is measured over a fairly long period, usually one to; 
three months. The record of an employee in one period determines his 
rating during the ensuing period. His rate of pay during any period is 
determined solely by his performance during the preceding period and 
is not affected by his production during the current period. The plan 
protects the worker against loss of earnings due to breakdowns, poor 
scheduling, shortage of materials, and lack of customer demand. The 
worker has an incentive to increase production, improve quality, work 
regularly, and shift to other jobs in emergencies, because a good record 
will increase his rate and his earnings during the next period. It assures 
the worker a certain weekly income while offering an incentive for 
good work. 

The measured daywork system differs from merit rating of employees 
in that productivity is heavily weighted and employees are rated at defi- 
nite intervals. The rating is immediately reflected in the wage rate, and 
the change may be either an increase or a decrease. Merit-rating plans 
usually provide that pay rates may be increased as a result of the rating, 
but they usually are not decreased. 

One advantage of the measured day rate is that it helps to break down 
the resistance of the employee to changes in the method of performing 
a task because a change in methods usually does not affect his pay. 
When the worker willingly adopts improved work methods, the indus- 
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trial engineer can devote his full time to increasing productivity and 
worker efficiency. 1 

Annual Wage. Although payment on an annual basis has usually 
been limited to executives, a few companies have experimented with the 
plan of paying employees by the year. Interest in the subject of annual 
wages was increased after the close of World War II when the Congress 
of Industrial Organizations began to advocate the plan in an active 
manner. However, the labor unions for several years ceased to press 
their demands for the annual wage and became more interested in re- 
tirement pay. Later they revived the demand for the annual wage with 
considerable success. In 1955, the large automobile companies agreed 
to a modified plan for an annual wage, and many large companies in 
other industries followed their lead. Provision for some form of guar- 
anteed annual wage was thereafter included in many other union 
contracts. 

Annual wage plans assume several forms. One type of plan provides 
for a guarantee of a certain number of weeks of employment each year 
at unspecified job assignments. This guarantee is extended only to work- 
ers who have been with the company a stated number of months. A 
variation of the plan is a guarantee of a certain number of weekly or 
monthly pay checks of a stated amount. Payments are made even 
though the employer has no work for the employee to do. If the em- 
ployer wishes to do so, he may transfer a worker to another task; or he 
may continue the payments without receiving any services in return. In 
this case the guaranteed annual wage is the equivalent of unemploy- 
ment compensation for the duration of the guarantee. 

The employer may also guarantee to maintain the income payments 
from week to week at a rate which fluctuates less than the hours of em- 
ployment. The overtime of some periods is balanced against the hours 
of underemployment. If the peak season precedes the slack period, full 
payments may be made in the weeks of overtime work without provision 
for future deficits. Other plans provide for deductions from the pay in 
the overtime weeks to be held by the employer for credits against pay- 
ments not earned by the worker during slack seasons. If wage advances 
in dull seasons exceed the amounts earned by overtime work in subse- 
quent weeks, the indebtedness is canceled at the end of the year. 

Another type of plan provides for some form of grant or aid during 
periods of low earnings. For example, the plan may permit the em- 

1 Factory Management and Maintenance, Vol. CXVII, No. 12 (1959), p. 63. 
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ployee to obtain a loan from the employer or to draw upon funds set 
aside for this purpose under the profit-sharing plan or through mutual- 
benefit programs. This type of plan may also provide that employees 
with a specified number of years of service may be entitled to cash pay- 
ments in layoff periods up to a stated percentage of the standard wage 
for forty hours per week. In 1955, for example, the American Gin 
Company and the Continental Can Company agreed to guarantees 
which raised the unemployment compensation to 65 per cent of the 
usual take-home pay. These payments wfefe to continue for the (full 
fifty-two weeks of each year. In these two companies, the moneyl for 
the payments is contributed entirely by the employer. In some instances, 
however, the payments have been made from sums deducted from pie 
earnings of other workers who are provided with work of more than 
a stated number of hours per week. 

A company plan for unemployment compensation necessarily con- 
forms to the legal requirements, which vary with the state. In some 
states, the employer cannot raise the unemployment compensation as 
provided by law because the worker is not entitled to state benefits if 
he is being paid by his employer. Where this interpretation is given to 
the state law, the worker who is laid off may first draw state unemploy- 
ment benefits for a stated period and then he becomes entitled to pay- 
ments under the annual wage plan of the employer. After a period 
of time, he may again receive state unemployment benefits. 2 

An advantage of a guaranteed annual wage, from the point of view 
of the employer, is that the greater security offered the worker relieves 
him of worry and thus makes him a better worker. Workers have a 
greater loyalty to the company. Increased loyalty reduces labor turnover 
and results in a higher level of efficiency. The plan eliminates one dis- 
tinction between the office workers and the factory workers by raising 
the social status of factory workers. Moreover, workers are less inclined 
to oppose technological -changes. Although the employer is free to re- 
duce his working force at the beginning of the next contract period, the 
situation may be corrected by the normal labor turnover or business ex- 
pansion. Investment in plant and equipment is decreased, provided that 
the employer is able to utilize his productive equipment at a more 
nearly uniform rate the year round. 

In instituting a plan for a guaranteed annual wage, the principal 
question for the employer is whether he can eliminate seasonal and 
cyclical variations in production to the extent necessary to finance such 

* See Edward D. Wickersham, Repercussions of the Ford Agreement,” Harvard Business 
JtoflWrVoi. XXXIV, No. 1 (1956), p. 6173. 
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a guarantee. In some industries, such as the processing of oysters or the 
canning or freezing of fruits and vegetables, production cannot be sta- 
bilized because the supply of raw materials is subject to seasonal varia- 
tions. In other industries the stabilization of production might be 
effected by inducing customers to spread their orders evenly over the 
year, by producing and storing the product in anticipation of demand, 
or by dove-tailing the production of two or more commodities that have 
different seasonal peaks. To stabilize the demand in an industry such as 
the steel industry would require that customers stabilize their produc- 
tion. The principal customers of the steel industry are automobile com- 
panies, construction companies, railroads, public utilities, and oil com- 
panies. Stabilization for some of these companies is difficult, and the 
development of a substitute material which might be produced by a 
steel mill in the dull season is impractical. 

Storing the product in anticipation of an increased demand at a later 
season or year would cause increased expenses for storage space, interest 
on idle capital, record keeping, handling costs, and possible deteriora- 
tion and obsolescence. A further difficulty is the anticipation of the 
probable demand for various sizes, colors, grades, shapes, and finishes of 
product. While some employers have been able to stabilize their pro- 
duction, many of them have found it cheaper to permit plants to be 
operated at less than capacity for a part of the time than to attempt to 
produce goods in anticipation of the busy season. 

Since most employers have considered it unprofitable to stabilize their 
labor force, it may be assumed that their costs would be increased by 
such a plan. The feasibility of the guaranteed annual wage, therefore, 
depends upon the answers to such questions as whether employers can 
find ways to reduce operating expenses to offset the increase in labor 
costs, whether prices can be increased to cover the increased costs, and 
whether the margin of profit is great enough to absorb the increased 
costs without forcing firms into bankruptcy. The answers to the above 
questions would obviously not be the same for all industries. The an- 
nual wage is practical for some companies and in some industries but ' 
not in all of them. 

SYSTEMS THAT PAY A SMALL BONUS 

A few systems of wage payment grant the worker a small bonus for 
production above a designated standard, but the bonus is less than the 
percentage increase in production. For example, an increase of 10 per 
cent above the amount set by the standard would be rewarded by some- 
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thing less than a 10 per cent increase in pay. Two well-known systems 
of this kind are the Halsey premium plan and the Rowan plan. These 
methods of wage payment are generous with the time allowed but not 
with the premium paid. With both systems the standard time for a task 
is established on the basis of past performance and not by time study. 

Halsey Plan. Under this plan of wage payment, the worker is paid 
a guaranteed hourly wage plus a percentage of the wages for the time 
saved. If he completes a task in less than the standard time, he is paid 
the wages for the time taken plus from one quarter to one half of tihe 
wages for the time saved. Since the worker is free to begin anotHer 
task as soon as he finishes any one task, he is enabled to increase his 
hourly rate. He is paid by the hour on those tasks where he require^ 
more than the standard time. \ 

To illustrate the method of the Halsey plan, assume that the standard 
time for a task is 10 hours and the worker is paid $1.00 per hour. If he 
takes 10 hours to finish the task, he is paid $10.00. If he takes 9 hours, 
he is paid $9.00 plus a premium of, say, one third of the wages for the 
time saved, or a total of $9-33 for the task. See Table 3® 

TABLE 3 
The Halsey Plan 
(Standard Time 10 Hours) 


Time Consumed 
(Hours) 

Wages on an ‘ 
Hourly Basis 

Premium 

Total Cost 
of Work 

Worker’s 
Earnings 
per Hour 

10 


None 

$10.00 

$1.00 

9Vi 

heeh 

*0.17 

9.67 

1.018 

9 

9.00 

0.33 

9.33 


8 Vi 

8.50 

0.50 

9.00 

1.058 

8 


0.67 

8.67 

1.084 

7y 2 

7.50 

0.83 

8.33 

1.111 


The reason for the small increase in the earnings per hour is that the 
.standard is based on past performance. It is, therefore, not difficult for 
the worker to do most tasks in less than the time set. The scanty bonus 
makes for permanence in the standard. Earnings on the various tasks 
are not seriously out of proportion, even though the standards are inac- 
curate. The unfairness in the standards is not carried over into earnings 

‘This tabic follows the form of one prepared by F. A. Halsey in his article, “The 
Premium Plan of Paying Labor,” Publications of American Economic Association , Vol. I, 
No. 2 (1896), pp.* 75-88, 82. The article appeared first in Transactions of American 
Society of Mechanical Engineers, Vol. XII (1891), p. 759. 
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per day or per hour. This feature of the plan permits it to be used as a 
temporary basis of bonus payment prior to the completion of time 
studies. If some jobs have been placed on a bonus plan and workers in 
other departments would also like to earn a bonus, they may be paid by 
the Halsey premium plan without subjecting the entire program to the 
risk of failure. 

The Halsey plan, in effect, amounts to a reduction in the piece rate 
as the performance of the worker improves. This fact is apparent from 
an examination of the total cost of the work, as shown in Table 3. How- 
ever, the plan is not stated as a series of decreasing piece rates, since 
that would probably raise objections. The method of statement presents 
the plan in a much better light. 

The Halsey plan was at one time rather widely used, but it has de- 
clined in popular appeal and is now seldom used. One objection to the 
plan is that it permits the continuance of standards that are inequitable 
and unfair. It makes possible a policy of drift on the part of manage- 
ment. It does not require that management set its standards carefully. 
Furthermore, the plan does not offer sufficient incentive to the worker. 
Of the total pay, too much is base pay and not enough is bonus. Ex- 
perience indicates that if a bonus plan is to encourage the worker to put 
forth his best efforts, incentive earnings should be from 25 to 30 per 
cent higher than daywork earnings. 4 In the Halsey plan the base rate is 
too near the maximum earnings possibility. It may also be argued that 
the plan is unfair. If the saving in time is the result of worker efforts, 
the worker should be paid the entire amount. If the saving is due to an 
inaccurate standard, the fault is that of management, and the worker 
should not be penalized. 

Rowan Plan. The Rowan plan, like the Halsey plan, fixes the stand- 
ard by past production rather than by time study; and it provides for a 
small bonus for better-than-standard performance. It provides that the 
wages for the time taken will be increased by the same percentage that 
the time set for the task has been reduced. For example, if the worker 
completes the task in 10 per cent less than the standard time, he is paid 
for the time required plus a bonus of 10 per cent of his wages for the 
time taken. The pay for a 10-hour task completed in 9 hours by a work- 
er whose rate is $1.00 per hour would be $9-00 plus 10 per cent of $9.00, 
or $9.90. As in the Halsey plan, the rate for the task has been reduced. 
However, the reduction is less under the Rowan plan than it is under 

4 Ralph Presgrave, The Dynamics of Time Study (2d ed.; New York: McGraw-Hill 
Book Co., Inc., 1945), p. 124. 
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the Halsey plan. Stated as a formula, the Rowan plan provides for 
payment of wages as follows: 


Wages for 
the task 


Wages for the 
time taken 


+ 


( 


Time saved 
Standard time 


X 


Wages for the 
time taken 


The justification of the Rowan plan is embodied in the statement that 
the bonus bears the same relation to the base pay for the task as the time 
saved bears to the standard time. The Rowin plan is somewhat more 
liberal with the worker than the Halsey plan because the bonus is larger 
for performance slightly better than the standard. For deductions in tpe 
standard time of 50 per cent or more, the Halsey plan is more libera^; 
but the worker cannot be expected to reduce the standard time to thsk 
extent. Under the Rowan plan a worker can never double his base pay 
because the bonus is a percentage of the wages for the time taken. This 
plan has most of the advantages of the Halsey plan and is subject to the 
same limitations. 


QUESTIONS 

1. What are the advantages of the day rate from the point of view of the 
worker? Do all workers prefer this method of wage payment? 

2. What are the advantages of the day rate from the point of view of the 
employer? What are the disadvantages? 

3. Why do unions usually prefer the day or hour rate? 

4. Under the guaranteed annual wage, an employer may be required to pay 
for labor services that he does not need and may not be able to use advantag- 
eously. How can he afford to make such payments ? 

5. Do casual workers fill a social or economic need? 

6. What factors are taken into consideration in determining the rating of the 
worker under the plan of the measured day rate? 

7. Compare the Halsey and the Rowan plans from the point of view of the 
size of the wage payments. 

8. The effect of both the Halsey and the Rowan plans is to decrease the pay 
for a task as worker performance improves. How can such a method of wage 
payment be justified ? 

9- Would the worker have less difficulty in understanding the fairness of the 
Halsey plan, or would he more readily understand the Rowan plan? 

10. Which method of wage payment would require more work in the payroll 
department? 

11. Why might an employer favor the guaranteed annual wage? 

12. Does the employer have an obligation to provide financial support for the 
cotire year when he needs the services for only a part of the year? 
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CASES 


47. PREMIUM PAYMENTS UNDER HALSEY AND ROWAN PLANS 


The standard time for a task is 4 hours. The hourly rate of the worker is 
$1.50. In doing the work on different days, the worker performed the task in 
various times as follows: 


Day 

1 .. 

2 .. 

3 .. 

4.. 

5.. 


Hours 
Taken 
. 4.5 
. 4.0 
. 3.8 
. 3.5 
. 3.0 


1. Compute the pay under the Halsey plan. The premium is 33^ per cent 

2. Compute the pay under the Rowan plan, 

48. GUARANTEED EMPLOYMENT 

In October, 1959, the Drury Hoe and Rake Company informed the union that 
the hours of work would be reduced from 40 per week to 32 because of a lack of 
orders. The union officers advised that the company plan would be ineffective 
because the men would stretch out the work and thereby force the company to 
return to a 40-hour week. The management then suggested to the union that it 
give the company a free hand in shifting men to maintenance, yard work, or any 
other work available. This proposal was presented to the workers at a meeting 
of the union, and they accepted it. 

After the new agreement was put into effect, productivity increased 10 per 
cent. The management believed that the increase in production was due to a 
realization on the part of workers that they would not work themselves out of a 
job and also to a belief that the profit position of the company was not good. The 
management increased its efforts to sell the larger volume and to avoid paying 
employees for maintenance and other work not immediately productive. The 
result was that the employees were kept busy at regular productive work for the 
remainder of the year, and no transfers of employees were necessary. 

Questions : 

1. Was the company right in accepting the suggestion of the union, or should 
production policies be determined without consultation with union officers? 

2. How might the increase in production be explained? Did it indicate that 
employees had previously been loafing on the job? 
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23 Wage 
Systems- 
Continued 


IN the preceding chapter, two general classes of wage sys- 
tems have been considered. These were, first, systems which provide for 
no increase in pay with increased output and, second, systems which 
provide for a small increase or small bonus. In this chapter the third 
and fourth classes of wage systems will be considered. 

SYSTEMS THAT PROVIDE FOR PAYMENT IN PROPORTION 

TO OUTPUT 

When this type of wage payment is used, any worker who increases 
his output is rewarded by an increase in pay of the same percentage as 
the percentage increase in production. Wage systems of this type in- 
clude piece rates, the 100 per cent premium plan, the Bedaux system, 
and group piece rates. When any one of these methods is used, man- 
agement is required under the federal Wage and Hour Law to guar- 
antee a stipulated minimum wage per hour. 

Piece-Rate Plans. The piece-rate plan of wage payment provides for 
an established rate per unit of output. Separate rates are set for each 
operation. The 100 per cent premium plan is a form of piece rate with 
a guaranteed hourly wage. The worker is paid for the time required 
for a task and is also paid a bonus of 100 per cent of the time saved. 
For example, a worker who is paid $1.00 per hour may be assigned to 
a job on which the standard time is 30 minutes. If he does the task in 
25 minutes, he is paid for the 25 minutes taken and also for the 5 min- 
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utes saved. The effect of this plan is, therefore, to fix a rate of 50 cents 
for the task with a guaranteed wage of $1.00 per hour. 

Bedaux Plan. This plan is also a modified piece-rate system with a 
guaranteed hourly wage. It differs from the straight piece-rate system 
in that each task is standardized by being assigned a number of "B’s” 
(for Bedaux) according to the number of minutes required to complete 
it. A "B” is defined as follows: A fraction of a minute of effort plus a 
fraction of a minute of relaxation to overcome fatigue, the total being 
equal to one minute of effort. 

Thus a task which requires 15 minutes of work, including time 
necessary for relaxation, is said to be worth 15 "B’s,” and a task which 
requires 20 minutes is worth 20 “B’s.” During any payroll period the 
total minutes spent at work are compared with the total "B's” com- 
pleted. The worker is paid for the "B’s” completed if he is above 
standard. Otherwise, he is paid at the hourly rate. 

Some variations of the Bedaux plan provide that the foreman may 
share in the bonus paid for the "B’s” earned above the standard. To 
illustrate, assume that the worker is employed 40 hours during the 
week. His standard of work would be 60 "B’s” in each hour, or a total 
of 2,400 "B’s.” If he has completed 2,460 "B’s,” he is entitled to a 
bonus of 60 "B’s,” or one hour of pay. He may receive three fourths 
of the bonus and the foreman one fourth, on the theory that the fore- 
man has helped the worker to make the standard. This system is 
usually opposed by the workers because it encourages the foreman to 
put pressure on the men. 

An advantage of the Bedaux plan is that it can be used in any depart- 
ment and in any type of work, and it can be used for a worker who 
shifts from one type of work to another. The reason for its adaptability 
is that all types of work are converted to a common denominator 
through the device of the "B” and the unit of work. 

Group Piece Rates. A group of workers may be paid for their total 
production on a piece-rate basis, provided that the work of one is de- 
pendent upon the work of another, as in line fabrication or assembly 
work. If the workers are guaranteed an hourly rate and the hourly rates 
vary, the amount to be paid each worker may be determined as follows: 

1. Total production of the group multiplied by the piece rate equals the 
total amount to be paid to all workers. 

2. Total amount to be paid minus hourly earnings equals bonus. 

3. Bonus divided by total hourly earnings equals the bonus percentage. 

4. Eamings of each worker multiplied by the bonus percentage equals the 
amount of the bonus in dollars. 
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To illustrate the group bonus plan, assume that workers are paid 
hourly wages and are permitted to work for a bonus on the basis of 2 
cents per piece. During a stated payroll period the group produced 
100,000 pieces. Their wages on an hourly basis totaled $1,600. The 
pay of a worker who earned $120 on an hourly basis would be deter- 
mined as follows: 


Total amount due all workers, 100,000 X 2 cents $2,000 

Deduct wages on an hourly basis 1,600 

« • ' 

Bonus above hourly wage $ 400 

Bonus percentage, $400 -f- $1,600 25% 

Pay of the worker on an hourly basis, $120 X 25% $ 30 

Add earnings on an hourly basis 120 

Total Pay $ 150 


When this system is used, an increase in the hourly wage of all work- 
ers does not affect the total earnings of the group. It affects only the 
distribution as between the hourly wages and the bonus. If some work- 
ers receive an increase in their hourly wage rates while others do not, 
the effect is a redistribution of the total earnings of the group, since 
the amount of the bonus and the percentages are changed. 

A variation of the group piece rate provides for the payment of an 
hourly wage to each worker and an additional bonus for each unit pro- 
duced. At the end of the year the bonus is distributed on the basis of 
the number of hours worked by each employee during the year. To be 
eligible to share in the bonus fund or "kitty,” the employee must have a 
record of 90 per cent "presenteeism”; and he must not have participated 
in any unauthorized strike or other work stoppage. Employees who 
have not been on the payroll for ninety days or more are usually ineli- 
gible to participate. 

Attitude of Labor Unions. Many labor unions oppose piece rates. 
Piece rates are an indirect recognition of the prevailing wage rate in 
that the employer fixes the rate at that figure which he thinks will en- 
able the employee to earn a fair wage for a day’s work. The time set is 
therefore subject to all the limitations of time study. In industries that 
are subject to frequent changes in style or product design, it is not easy 
to keep changes in rates abreast of changes in the work. If designs 
change from year to year, a wage scale must be scrapped for a new 
scale when new designs are put into production. 

The earnings of workers on piece rates are decreased by the inability 
of management to stabilize production, to maintain a steady flow of 
work, or to keep machines in repair. This problem is especially acute in 
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industries that bring a series of models into production or that are 
unable to stabilize production because of fluctuating demand. Piece 
rates are also unfair to workers when the production run varies greatly. 
If the worker can produce five hundred units without having to change 
tasks, he can make better earnings than he would make on a run of 
one hundred units on each of five different tasks of the same standard 
time. 

Piece rates often lead to speeding up on the job. In a seasonal indus- 
try where the amount of work to be done is definitely limited, such as 
in certain branches of the clothing industry, each worker is likely to 
rush through his work to produce as large a number of pieces as possible 
before being laid off. In such an industry, speeding by workers on piece- 
work can be prevented only by a plan for allocating the work. 

Piecework makes it more difficult for the workers to present a united 
front to the management. The better workers who earn a satisfactory 
wage may be unwilling to strike for more money or to risk an interrup- 
tion of work by making demands upon the employer. The foreman can 
discriminate against the workers he dislikes by putting them on work 
where the standards are tight and by putting his favorites where the 
standards are loose. 

Workers fear that the piece rate will be cut if they increase produc- 
tion. If some workers demonstrate to management that an increase in 
production is possible, management may cut the piece rates in order to 
keep down daily earnings. Workers believe this to be true even though 
no rate reduction has occurred in the plant; but it is true, however, that 
cuts in piece rates have sometimes followed increases in output . 1 

Unions seek various forms of protection for workers on piece rates. 
They may take an active interest in management methods to prevent 
interruptions in the flow of work and to see that the worker has an op- 
portunity to earn a satisfactory daily wage. The result has been in many 
cases that the unions insisted that outside consultants be asked to rec- 
ommend changes in policies or that the management itself make cer- 
tain improvements. Unions have concerned themselves with difficulties 
which prevented workers fromf making fair piece-rate earnings in such 
industries as coal mining, textile manufacturing, clothing, window 
glass, foundry work, and carpets. The conditions with which the 
unions have been concerned include the following: 

* F. W. Taylor was compelled by the directors of Midvale Steel Company to cut piece 
fates under such circumstances. See N. I. Stone, ‘’Wages, Hours and Individual Output/' 
Annals of the American Academy of Political and Social Science, Vol. LXXXV (3919), 
pp. 120, 131. 
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Inadequate, obsolete, or poorly maintained equipment. 

Unsatisfactory working conditions. 

Insufficient or unsatisfactory material. 

Faulty methods of doing work. 

Avoidable delays. 

Obstructions caused by other workmen. 

Some unions prefer piecework to daywork. The preference is based 
upon a number of factors. Some unions, as in coal mining, recognize 
that supervision of individual workmen by the employer is not practi- 
cal. Since each worker is placed upon his own responsibility, piecework 
is the only feasible method of payment. However, the worker may\be 
paid on an hourly basis for travel time or for odd jobs, such as timber- 
ing- \ 

Piecework relieves the employee of pressure from the foreman to get 
out production. When the worker is paid by the day, management uses 
various devices to assure itself that production is up to standard in both 
quality and quantity. Consequently, the worker may be gradually 
speeded up until he is turning out much greater production for the same 
pay. Under piece rates a worker has a chance to follow his own pace; 
If the pace is a leisurely one, the employer may not make serious objec- 
tions. 

Many unions recognize that competition from other shops, particu- 
larly nonunion shops, is so keen that the employer cannot grant general 
increases in daily or hourly wage rates. The piece rate permits the em- 
ployee to increase his earnings with no increase in labor cost. Where 
work is uniform from one plant to another, as in certain branches of the 
clothing industry, the piece rate enables the union to eliminate dis- 
crimination in the rates paid by various employers. Day rates do not 
permit the same uniformity, unless the union can fix the amount of the 
daily production as well as the daily wage. 

Workers tend to benefit by numerous small improvements in the task 
which enable them to increase output. Many such improvements are 
not of sufficient importance to justify a cut in the rate. In the aggregate, 
improvements in work methods may result in substantial increases in 
earnings. Some improvements result from changes made by the em- 
ployer, and some result from short cuts developed by the employee or 
taught him by fellow workers. 

The employer is more likely to retain older workers if he pays them 
by the piece. The loss to the employer when he keeps the older man is 
limited to machine tune, although in some cases one slow worker may 
cause a slowing down of others. Workers who take off a few minutes 
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from work in the middle of the day are also less likely to be criticized 
by the foreman, even though the practice is a violation of the rules, 
because labor costs cease when fhe worker stops work. 

INCENTIVE WAGE SYSTEMS 

While the piece rate rewards the worker by paying him an increase in 
wages in proportion to his increase in production, some plans allow the 
efficient worker an even higher percentage increase. Usually, the in- 
crease in pay comes just at the point where the worker measures up to 
the established standard. If a worker does a task within the standard 
time, he gets a very large increase in his pay. Under most plans the 
bonus is not regularly distributed for small increases in efficiency but is 
granted for any performance within the standard time. Although the 
plans of wage payment that liberally reward the worker for increasing 
production are not the only systems that provide incentives, these plans 
are commonly referred to as "incentive systems.” 

Basic Principles. Incentive wage plans are based upon four princi- 
ples, which are as follows: 

1. The task is large and clearly defined. This principle requires that 
the standard time be fixed by time study rather than by past perform- 
ance. Taylor believed that the standard should be so high that it could 
be met only by workers who were better than average. While practice 
varies somewhat in this respect, close attention and unusual skill are 
usually required of any worker who completes the task in the standard 
time. 

2. Standard conditions of work are maintained by the management. 
Standard materials are issued, tools are kept in repair, and the machine 
is main t ain ed in good operating condition at all times. In addition, the 
management sees that a steady and continuous supply of materials is 
moved to the workplace. Failure to meet the standard cannot, therefore, 
be ascribed to management. Performance becomes a matter of worker 
efficiency and application to the task. 

3. The pay for worker success is high. Since the task is large and 
clearly defined, an inefficient worker cannot make the standard as he 
might do under the Halsey or Rowan plans. The management can 
afford to be generous with the pay because it is not generous with the 
time allowance. A further reason for the high rate of pay is that if the 
worker can perform the task within the standard time, he uses the 
machine or the workplace for a relatively short time. The machine 
becomes available for another task with the result that cost per unit is 
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decreased. As the cost of machine time per hour increases, management 
can become more generous with the bonus or the piece rate. 

4. The penalty for failure to meet the standard is severe. Under 
most incentive plans, the worker is expected ultimately to reach the 
standaid, but the penalty for failure varies. The difference between the 
guaranteed wage and the earnings of the worker who is standard or 
better is so great that workers make every effort to reach the standard. 
Under all incentive plans, the worker who does not ultimately reach the 
standard is expected to change to some 'other job. Typical inceiitive 
plans are the Gantt task and bonus plan and the Emerson efficiency 
wage. \ 

Gantt Task and Bonus Plan. According to the Gantt plan, the 
worker who does the task within the standard time is paid for the stand- 
ard time (not the time taken) plus a bonus of 25 per cent or more of 
the wages for the standard time. To illustrate, assume that the task 
time is 1 hour and the worker is guaranteed $1.00 an hour plus a bonus 
of 30 per cent. A worker who completes the task in 60 minutes is paid 
$1.00 plus a bonus of 30 per cent, or a total of $1.30. A worker who 
does the same task in 55 minutes is paid the same amount, $1.30. Thus 
the plan provides a piece rate for standard workers and an hourly rate 
for substandard workers. Like Taylor, Gantt made up a sharp distinction 
between the worker who did the task in a little less than the standard 
time and the one who required a little more time. Under both plans 
the standard was so high that a worker could not expect to do the task 
in much less than the time set. 

Emerson Efficiency Wage. The Emerson plan was designed by Har- 
rington Emerson, whose work was referred to in Chapter 1 (see p. 17). 
This plan guarantees the worker a daily wage and a bonus according to 
a graduated scale. The percentage of bonus increases as performance 
nears the standard. The efficiency of the worker is not computed on the 
basis of daily performance but is averaged over a payroll period of a 
week, two weeks, or a month. The efficiency is determined by the ratio 
of total standard time on all tasks completed to the total time taken by 
the worker. For example, a worker who required 90 hours to complete 
tasks with a total standard time of 80 hours would have an efficiency 
rating of 80/90, or 88.89 per cent. 

The scale of bonuses permits a small premium to be paid to the work- 
er who is 66% per cent efficient, but the bonus rate increases sharply as 
the performance of the worker nears standard. Above 100 per eent 
efficiency the bonus increases by 1 per cent for each 1 per cent increase 
ip efficiency. 
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The Emerson plan has the advantage of relieving the worker of the 
fear that on any one task he may barely fail to make the standard. It 
offers encouragement to the learner because the bonus begins at a low 
level of performance. However, the worker has a strong incentive to 
continue his improvement because of the sharp increase in the rate as he 
nears 100 per cent efficiency. 

The principal disadvantage of the Emerson plan is its complexity. 
The worker has difficulty in computing his pay under this plan, and a 
considerable amount of work is required by the payroll department. It 
does not offer the same incentive for sustained effort as the Taylor or 
Gantt plans because the efficiency rate is an average for the period. 
This objection may be minimized by posting each day the efficiency 
rate of each worker for the preceding day. 

Requirements of a Successful Plan. An essential requirement for 
success is the establishment of a fair standard for the task. The setting 
of the standard involves the improvement in work methods, careful 
timing, and fair allowances and adjustments for skill and effort. If 
standards are loose, workers may be able to earn a high wage with 
production only slightly above the pace of other workers who are on 
daywork or on a tight standard. Once the incentive rates have been set, 
they are not easily changed, particularly if the workers are unionized. 

Another requirement is that the method by which the pay is figured 
should be simple enough that workers can verify the amount of their 
earnings by making their own computations. A lack of understanding 
of the method by which their earnings are determined will only increase 
the dissatisfaction which may arise because take-home pay is decreased 
by numerous deductions for such reasons as federal and state income 
taxes, social security taxes, union dues, bond purchases, and donations 
to charity. 

To be successful, the wage plan should provide for a premium scale 
that is large enough to encourage continuous worker co-operation and 
interest. The amount of the bonus should depend upon worker effort 
rather than conditions beyond his control. For example, a company that 
based the bonus of maintenance workers on the volume of plant pro- 
duction paid high bonuses during a period of prosperity, and the work- 
ers were pleased with the plan. When production decreased through 
no fault of the maintenance men, dissatisfaction became widespread. 
To relate the earnings to worker effort, management should plan the 
flow of work to avoid interruptions due to poor scheduling, shortages 
of materials, machine breakdowns, and other such causes. To prevent 
the sacrifice of quality by the worker in his effort to earn extra pay for 
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quantity production, management should establish and maintain quality 
standards. To assure continuous interest in incentive pay, bonuses 
should be paid as soon as possible after they are earned. 

From the point of view of the management, the requirements for 
wage computation and record keeping should not be too complicated. 
Some methods that seemed to be satisfactory from the point of view of 
the workers have been discarded because they greatly increased the 
work of preparing the payroll. 

Maintenance of the Plan. A wage incentive plan that is satisfactory 
at the time of its adoption will soon become inadequate unless ift is 
maintained. If the task is changed as a result of a new design of the 
product, the purchase of a new machine, or other developments, the 
effect on the production standard should be determined. Some persoris 
believe that any change in the task requires a change in the standard 
because a series of small changes may in time result in gross inequities 
in the pay rates. Others state that the task should be retimed only when 
the change is perceptible, say 5 per cent. If workers object to their 
inability to earn a bonus, their complaints should be investigated with- 
out prejudice. A worker who complains that his bonus has been incor-' 
rectly computed should be given an explanation of the method of cal- 
culating his pay. Workers who are unable to make a bonus should be 
helped to make the standard by proper training or by whatever action 
may be necessary. 

Evaluation of Incentive Plans. Experience indicates that incentive 
plans result in increased production, higher wages, and lower unit 
costs. Reports to the War Labor Board during World War II showed 
that on the average the introduction of an incentive plan was followed 
during the next ninety days by an increase in production per man-hour 
of 40 per cent. A later survey of a number of firms by the American 
Management Association showed that where a company had changed 
from an hourly rate to an incentive plan, production was increased 20 
to 50 per cent. Many other reports indicate similar increases in produc- 
tion. Much depends upon the rate of the bonus, the circumstances un- 
der which the change in methods of wage payment is made, and 
possibly other factors. 

For reasons previously suggested, most labor unions prefer the hourly 
wage to an incentive plan. One objection is that the wage incentive plan 
is superimposed upon a wage structure that is not scientific. For this 
reason the incentive plan alone will not correct inequities in the wage 
structure. The.rates or bonuses are not scientifically determined because 
the base rate is usually the result of tradition or bargaining methods. It 
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is also said that the bonus does not compensate the worker for his in- 
creased effort and that the speed may injure his health. Although not 
really a serious objection, it is laid that the wage standards are set by 
engineers who could not make a bonus if they were to work under their 
own standards. Furthermore, wage incentive plans disregard variances 
between the capacities of workers, since all are expected to reach a high 
standard. The plans also do not allow for variations in output from 
day to day and from hour to hour. Another objection is that wage 
incentive plans result in a continuous simplification in the methods of 
work, with a resultant decrease in the need for craftsmanship on the 
part of the worker. It is a part of a larger movement for making work 
routine and repetitive. 

PROFIT-SHARING AND BONUS PLANS 

Profit sharing is not a complete system of wage payment because it 
assumes that the initial wage payments are determined by hourly or day 
rates, piece rates, or some other plan. The worker gets a share of the 
profit as an additional lump-sum payment at the end of the month, half- 
year, or year. Monthly payments have the advantage of promptness, 
but the accounting difficulties of figuring monthly profits cast serious 
doubts upon the advisability of such a plan. The share of profits due to 
each worker may be paid in cash or stock of the company or may be 
credited to an employee retirement fund. Payment may be partly in 
cash, partly in stock, and partly in retirement benefits. Usually, an em- 
ployee must have been with the company six months or longer to par- 
ticipate in the distribution. The termination of employment during the 
year, whether voluntary or otherwise, usually cancels all participation 
rights. Layoffs or leaves of absence are not considered termination of 
employment. 

Several plans for the sharing of profits may be distinguished. The 
labor dividend may be a stipulated percentage of the profits before taxes 
or dividends are deducted. The amount paid to any employee may be 
determined by his wages or salary or by the total unit credits in accord- 
ance with a plan such as the following: 

For each $100 of annual compensation 1 unit 

For each year of continuous service 1 unit 

For each 6-month term on the junior board of directors during 

the current year 5 units 

For supervisor 5 units 

For assistant department manager 15 units 

For specialized personnel Various 
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Payments to employees may be made after a stipulated dividend has 
been paid on the capital stock. The amount paid to workers may vary 
from 25 to 50 per cent of the profits after dividends. Before the 
distribution is made, the total payment is apportioned to various groups 
of workers and salaried personnel on the basis of their rates of pay. 
Payment to workers is usually in cash, but payment to salaried em- 
ployees may be partly or entirely in stock. 

Payments of profits to employees may also be made in proportion to 
the dividend paid on the stock. Employees rtiky be paid a dividend on 
their annual earnings equal to the percentage earned or paid on the 
common stock of the company. This method would usually pay the 
employees about 25 per cent of the profits. \ 

The advantage to the employer of a profit-sharing plan is that it en-\ 
courages a moderate degree of co-operation. In small companies, it has 
tended to break down the distinctions between crafts and to encourage 
workers to assist in any work that needs to be done. It makes workers 
interested in the elimination of idle time of men and machines and in 
the reduction of spoilage and waste. It results in a reduction of labor 
turnover. To the employee, profit sharing probably has the advantage 
of increasing annual wages. 

Disadvantages of Profit Sharing. One objection to profit sharing 
is that the profits are not directly dependent upon the efforts of any one 
employee. A worker cannot increase his personal share of profits by 
application to the job because earnings are distributed among so many 
persons. Moreover, profits may be made or lost by many factors not 
under the control of workers as a group, such as prices and discounts, 
expansion into new territories, the development of new products, budg- 
eting of sales and expenses, production planning, and business pros- 
perity or depression. Good and poor workers are rewarded in the same 
manner without distinction or discrimination. The inefficient worker 
receives the same share as the efficient, provided that his hourly or 
daily wage rate is the same. 

Workers share in the profits but not in the losses. Some attempt has 
been made to secure an agreement from workers that in case of emer- 
gencies or failure of the corporation to make profits, employees will 
accept reduced compensation or fewer hours of work or will make 
other sacrifices until the emergency is past. However, substantial sac- 
rifices cannot be expected of workers during lean periods; and they are 
likely to find other jobs if company losses are deducted from their pay. 
The fact that the company shares the profits but bears all of the losses 
is not a serious objection to profit sharing. The plan can accomplish 



WAGE SYSTEMS— CONTINUED 


435 


its purpose of giving the workers an incentive to increase production or 
reduce cost without an accompanying loss-sharing plan. 

The reward is too uncertain and too long postponed to be effective. 
A possible payment at the end of the year does not stimulate the worker 
to much greater effort throughout the year. Payments are sometimes 
made at more frequent intervals, but monthly payments are usually 
considered impractical because of the uncertainties of accounting meth- 
ods. Monthly computations of profits are especially difficult in an 
industry that is subject to marked seasonal fluctuations. 

Workers eventually look upon a year-end distribution as a matter of 
right. If they do not receive such payments, they may consider that 
somehow they have not been fairly paid for their labor. 

The accounting practices used by management in determining profits 
are likely to be misunderstood by the workers. Many accounting prac- 
tices are a matter of opinion, and any one of several methods may be 
acceptable to accountants and to management. Items which may be 
questioned are depreciation expense, maintenance and repair charges, 
and inventory valuation. Workers usually cannot see why the profit 
and loss statement should include such expenditures as those for re- 
search, public relations, long-range planning, and budgeting. A profit- 
sharing plan has often proved to be a source of friction rather than a 
means to better industrial relations. 

Christmas Bonuses. Many companies that do not have a profit-shar- 
ing agreement regularly pay a bonus to their employees near the end of 
the year. The bonus is a gratuity, but the amount may be based upon 
annual wages or salaries. Employees are usually classified into groups 
according to the number of years of service, with the oldest employees 
receiving the largest bonuses. If the bonus is paid near the end of the 
calendar year, it is called a Christmas bonus. 

Bonuses are designed to develop the loyalty of employees and to de- 
crease labor turnover. Since the amount varies from year to year, em- 
ployees cannot rely upon it as a means of meeting their Christmas bills 
or of paying other obligations. If payments are made regularly, em- 
ployees may regard the bonus as part of their wages. 


QUESTIONS 

1. Under what circumstances might the 100 per cent premium plan be prefer- 
able to the piece rate? 

2. For what types of work are piece rates particularly suited? 
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3. A foreman states that the piece rates put pressure upon the foremen rather 
than the workers. How can this opinion be justified ? . 

4. Would the piece rate cause workers to follow a fast pace at their work? 
How might it result in a more leisurely pace on the part of the workers? 

5. The Taylor piece-rate plan reduces the rate for the worker who is below 
standard. The Halsey plan reduces the rate for the worker who is better than 
standard. How can the two methods be fair and reasonable? 


6. Why do workers fear that an increase in output when they are paid by the 

piece will result in a reduction of the rate ? Should management ever reduce the 
piece rate? ' 

7. If workers are unable to make high earnings under a bonus plan because 

management is inefficient, should the workers or the union assist management to 
improve working conditions ? \ 


8. Should the union ever employ a management consultant to improve condiV 
tions in the management ? 

9. Why are good working conditions especially required for the success of 
efficiency wage plans while they may not be necessary to the success of the Halsey 
and Rowan plans? 

10. A worker who is paid by the Gantt plan with a 25 per cent bonus is 
guaranteed an hourly wage of $1.50. Determine his pay for a 2-hour task com- 
pleted in the following time periods: 2.5 hours, 2 hours, 3.8 hours, and 3.7 hours. ; 

11. In some branches of the clothing industry, the season is short and the 
amount of work is limited. Workers who are paid by the piece sometimes work 
very fast in order they may get as much of the work as possible. Should the 
company encourage this effort on the part of workers ? What should it do about 
the situation? 


CASES 

49. PROFIT SHARING BY FORMULA 

The profit-sharing agreement of the Daisy Manufacturing Company provides 
that 30 per cent of the net profits before taxes will be paid to a trust company for 
the benefit of employees. The trust company distributes one half of the payment 
to employees and holds the remainder in a retirement fund for their benefit. Dis- 
tributions of profits are made annually. 

The amount paid to any employee is determined by the number of hours 
worked. To share in the distribution, the employee must be on the payroll at the 
end of the year. The total amount to be distributed is divided by the number of 
hours worked by all employees entitled to share in the distribution to determine 
the profit distribution per hour. Hours worked by any employee multiplied by the 
profit distribution per hour equals the payment to be made to him. An amount 
equal to the cash distribution is credited to each employee as his equity in the 
retirement fund. Retirement fund equities cannot be withdrawn by the employee 
but must be used for the purchase of an annuity. In case of death the equity of 
the employee is payable to beneficiaries. 
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Questions: 


1. What is the merit of the plan of the Daisy Manufacturing Company? 

2. What are the limitations of the plan from the point of view of the com- 


50. PROFIT SHARING WITHOUT FORMULA 

The Ramsay Corporation shares its profits with its employees each year but has 
no formula for determining the amount. Each year the board of directors pays 
dividends to the stockholders and also a "dividend on wages" at such rates as 
seem fair to the directors. If dividends to the stockholders are reduced or passed 
in any year, the stockholders are considered to be entitled to extra dividends in 
the next year before profit distributions are made to employees. If the money of 
stockholders has been used for risky ventures in any year, they may receive extra 
dividends as compensation in the case the ventures are successful. If the board 
of directors believes that earnings have been increased because of plant operating 
efficiency, profit distributions to employees may be increased without any increase 
in dividends paid to stockholders. 

Each year the company holds a meeting of jobholders just as it holds a meeting 
of stockholders. At the annual meetings, as well as in the communications during 
the year, the plan and the profit position of the company are explained. The 
company considers that the plan is a success and that employees believe the man- 
agement to be fair with them. 

Questions: 

1. What is the merit of the plan of the Ramsay Corporation? 

2. What are the limitations of the plan? 
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24 Job 

Evaluation 

J OB evaluation is a significant management technique in th^ 
field of personnel relations. Its essential purpose is to reduce or elimi- 
nate differentials in pay that are not due to differences in the job. Its 
basic principle is that an employee who works at a difficult, hazardous, 
dirty, or lifting task should be paid more than an employee who works 
at an easy job in safe, pleasant surroundings and that the pay should be 
determined by the various requirements of the job. 

The pay for any job is high or low only by comparison with the pay 
of other jobs or in comparison with some factor in the work situation. 
Consequently, when a worker says that he is not paid enough, he may 
mean that the correct differential has not been maintained between his 
wages and the pay of other employees in the company or between his 
pay and that of persons doing similar work in another plant in the com- 
munity. A system of wage payment which aids in establishing fair dif- 
ferentials between jobs should avoid underpayment for some jobs and 
overpayment for others. It should grant increases in the wages for ad- 
vancement to jobs that have been given a higher rating under the plan. 
It should also provide an incentive for employees to prepare them- 
selves for more difficult jobs because a logical wage scale has been 
established. Because it reduces complaints of discrimination in wages, 
employee satisfaction should be increased; and labor turnover may be 
decreased. The plan should reduce the opportunities for favoritism 
on the part of foremen in recommending wage increases. 

INFORMATION FOR JOB EVALUATION 

Before jobs can be evaluated, agreement should be reached concern- 
ing the definition of a job. A job may be defined as a group of posi- 
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tions which are similar with respect to their major or significant tasks. 
This definition permits the inclusion of positions with minor differences 
under the same job title and reduces the number of jobs to be evaluated. 
For example, although the duties assigned to workers at various work- 
places on an assembly line may vary slightly, the various positions 
might be included in a single job provided that the duties are similar 
and require about the same degree of skill, education, and experience. 

A job may also be defined as a group of positions which differ ma- 
terially from any other group of positions with respect to their major or 
significant tasks. To illustrate, the duties assigned to a carpenter’s help- 
er would differ in some material respects from the duties of a car- 
penter, a plumber’s helper, or any other job. What constitutes a ma- 
terial difference in duties may be a matter of opinion. Frequently, a 
union prefers a job definition that permits of the inclusion of a large 
number of positions because seniority becomes more significant and the 
possibility of discrimination between workers for personal reasons is 
reduced. 

Types of Job Information. Several types of job information may be 
compiled in organizing a job-evaluation program. A first step in com- 
piling job information might be a list of titles of jobs. A set of job 
definitions might also be prepared. A job definition consists of a brief 
statement of the duties assigned to each job. The definitions might be 
expanded to include a complete and detailed statement of all of the 
tasks of each job. A job description includes duties, conditions of work, 
and requirements of the job. It also indicates relationships with other 
people, such as the nature of the supervision, the number of persons the 
worker supervises, if any, and the staff departments with which he will 
have contacts. The group relationships are frequently as significant as 
technical skill and knowledge. 

The job description usually follows a prescribed form in order that 
all essential information may be included. It shows such information 
as the following: 

Title of the job. 

Department in which the work is done. 

Duties performed and percentage of time devoted to each type of work. 

Number of persons supervised and extent of the supervision. 

Amount of supervision received. 

Machines and equipment used. 

Relation of the job to later operations. 

Material processed and its value. 

Reports and records prepared. 

Promotion opportunities. 

Initiative and ingenuity required. 
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Personal qualifications desirable, such as sex, age, etc. 

Effort required. 

Mental requirements. 

Physical requirements. 

Length of time required to learn the work. 

Experience desirable. 

Accident hazards. 

The job description should be prepared in specific rather than general 
terms and should indicate precisely what is done, how it is done, why it 
is done, and under what conditions it is done. I 

A job specification is a written description of the job in relation to the 
worker. It shows the abilities and the qualifications that a persop 
should possess in order to do the work. Job specification has been calle^ 
a "man specification” because it relates to the occupant. 

The compiling of the information should precede job evaluation be- 
cause the persons evaluating the jobs should first agree on the require- 
ments and conditions of work. Unless descriptions are prepared, vari- 
ous members of the committee will have varying concepts of the mean- 
ing of such terms as toolmaker, crib tender, or lacquer sprayer. 

METHODS OF JOB EVALUATION 

Four methods of evaluation may be distinguished. They are job rank- 
ing, job classification, factor comparison, and the point system. The 
point system is the method most commonly used. 

Job Ranking. Evaluation by the ranking method means, as the name 
indicates, the arranging of the various jobs in the order of their diffi- 
culty, responsibility, and other requirements. Each member of the job- 
evaluation committee independently ranks the jobs from the highest to 
the lowest. The usual procedure is to begin by identifying the highest 
and the lowest jobs and gradually to work toward the jobs in the 
middle. The ranks assigned by different members of the committee are 
compared, possibly revised, and averaged to determine the final rank. 
A partial ranking might be as follows: 

1. Toolmaker, first class. 

2. Toolmaker, second class. 

3. Electrician, first class. 

4. Machinist, first class. 

3. number and steam fitter, first class. 

6 . Lathe operator, first class, intricate. 

7. Milling machine operator, first class, complicated. 
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8. Milling machine operator, ordinary. 

9. Bench assembler, first class. 

10. Bench assembler, second class. 

11. Watchman. 

12. Gateman. 

13. Inside laborer. 

14. Sweeper. 

Although the job-ranking method is the simplest of the methods of 
evaluation, it is subject to several serious objections. Because each rater 
must be familiar with all of the jobs to be rated, it is difficult to find 
qualified raters. Since the method does not provide a definite basis for 
the ratings, the rankings are likely to be made on the basis of prevailing 
wage rates. The assignments of rankings are difficult to justify in case 
workers or union officials challenge a pay rate. The rankings do not 
indicate the differences or the amount of spread between the pay of the 
various jobs. For these reasons the job-ranking method is usually re- 
garded as unsatisfactory. 

Job Classification. This method consists, first, of setting up various 
classes of jobs according to the duties, responsibilities, and experience 
required by the work and, second, of assigning each job to a class. The 
method has had more general use in the evaluation of clerical and office 
jobs than of factory jobs. A well-known plan provides for six classes, 
as follows: 

Class Description 

1 Work of office- or messenger -boy character. 

2 Simple operations. Use of few definite rules. Routine operations per- 

formed under close supervision. 

3 Requires recognized clerical ability. 

4 Requires complete and intensive knowledge of a restricted field. 

5 Requires knowledge of general policies and principles of management. 

May require long experience with the company. 

6 Work of a highly technical or confidential nature or of semiexecutive 

supervisory character. 

After the classes have been established, the committee will assign 
each job to a class. If a more definite differentiation is desired, the jobs 
with each class may be ranked. This procedure is an improvement over 
either the ranking or the classification method used independently, but 
it is subject to most of the limitations of the job-ranking method. 

Factor Comparison. This method evaluates all jobs in terms of a 
rating scale based upon fifteen to twenty-five key jobs. The relative 
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rank of the various jobs is determined in relation to a monetary scale. 
The procedure includes the following five steps: 

1. The factors to be used in the rating plan are determined, such as 
mental requirements, physical requirements, and skill. 

2. The key jobs are selected. For such jobs, the present pay is 
believed to be fair in relation to the requirements of the work. 

3. The key jobs are ranked under each of the factors. For example, 
the job which has the greatest mental requirements is ranked No. 1 
under that factor. The same job might rank as No. 7 under physical 
requirements, with other rankings under each of the other factors. \ 

4. The total payment for any job at existing rates is apportioned to, 
the various factors in accordance with the ranking of each job under that \ 
factor. To illustrate, if a patternmaker is paid $2.76 an hour, a painter 
$1.80 an hour, and a drill press operator $1.50 an hour, the payment 
might be attributed to the job factors in the manner illustrated: 


Factor 

Patternmaker 

Painter 

Drill Press 
Operator 

Mental requirements 

$0.80 

$0.30 

$0.26 

Physical requirements 

0.30 

0.32 

0.24 

Skill 

1.00 

0.56 

0.42 

Responsibility 

0.48 

0.32 

0.34 

Working conditions 

0.18 

0.30 

0.24 

Total Pay, Present Rates . . 

$ 2.76 

$1.80 

$1.50 


If a key job is found to be improperly paid for any factor or for total 
requirements, it is dropped from the list, and another job is substituted. 

5. Other jobs are evaluated in relation to the key jobs. The job of 
machinist, first class, for example, would have mental requirements 
only slightly below that of patternmaker and might be assigned 70 cents 
for that factor. Physical requirements might be somewhat greater and 
might justify pay of 3 6 cents. Skill required of the machinist might be 
less and might justify payment of 96 cents for that factor. This, process 
is continued until the total hourly wage of each job is determined. 
Each factor for each job is compared with the same factor and the pay 
for all other jobs. Although the total pay for key jobs agrees with 
existing wage rates for the key jobs, it does not necessarily agree in 
the case of other jobs. 

While the factor-comparison method results in more equitable rates 
' for various jobs than ordinary methods of rate setting do, it is subject to 
some objections. It begins with the assumption that selected key jobs are 
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properly paid in relation to each other. The fact that the rating is 
stated in monetary terms is objectionable because a change in the pre- 
vailing level of wages requires ‘a change in all the rating tables. How- 
ever, the method has been successfully used by many companies. 

Point System. In the point system several factors common to all jobs 
are used as a basis for evaluation. The factors are weighted according 
to their importance. The number of factors used in any plan varies from 
4 to 40. The usual number is 10 to 12. The factors most frequently 
used are experience, education, skill, physical effort, working conditions, 
responsibilities for material and equipment, and accident hazards. The 
weights assigned to all factors may total 1,000 points, or the total may 
be as low as 100. The total points should be- a large number if many 
jobs are to be evaluated, but it is not necessary that the total be a round 
number, such as 500 or 1,000. 

Each factor is divided into degrees or grades. The meaning of the 
factor and also of each degree is carefully defined. For example, edu- 
cational requirements might be divided into five degrees, with require- 
ments as follows: lowest degree, ability to read and write; second 
degree, grade-school education; third degree, technical-school educa- 
tion; fourth degree, high-school education; and fifth degree, college or 
special. 

If educational requirements are weighted 50 points, the various de- 
grees would be evaluated with a spread of 10 points from one degree to 
the next. Intermediate degrees are recognized in the evaluation. The 
number of degrees in various plans ranges from four to seven. Some 
authorities recommend an even number to avoid the tendency of some 
raters to assign the middle rating when they are unable to form a 
definite opinion. The number of factors, the weights assigned, and the 
number of degrees vary with the company and the requirements of 
the jobs. 

Figure 44 shows a job-evaluation plan with six factors and five de- 
grees for each factor. The differences between the degrees and the 
points assigned are indicated in the table. An instruction manual for 
use by raters should be prepared to give a detailed description of the 
plan, the factors, and the degrees. The maximum points in the illustra- 
tion total 400. However, it is not to be expected that any job would 
.receive the maximum evaluation on all six factors. 

Before the evaluation plan is considered complete, a few jobs should 
be evaluated by the rating committee. The original plan may be revised 
as a result of the experience in rating the first jobs. After the point 
values of the first jobs have been determined, the title of each job 
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FACTORS 

1 

2 

3 

4 

5 


READ AND WRITE 

GRADE SCHOOL 

TECHNICAL 

HIGH SCHOOL 

COLLEGE OR 

EDUCATION 



SCHOOL 


SPECIAL 

REQUIR0 







10 

20 

30 

40 

50 


0 TO 3 MONTHS 

3 TO 6 

6T09 

97012 

OVER 12 



MONTHS 

MONTHS 

MONTHS 

MONTHS 

EXPERIENCE 






REQUIRED 







15 

30 

45 

60 

75 


SLIGHT 

BELOW AVERAGE 

AVERAGE 

HIGH 

VERY HIGH 

MENTAL 






EFFORT 
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20 

30 

40 

50 


VERT LIGHT 

MODERATE 

AVERAGE 

ACTIVE 

STRENUOUS 

PHYSICAL 






EFFORT 







20 

40 

60 

80 

100 


NO UNDESIRABLE 

SOMETIMES 

ONE OR MORE 

CONTINUOUS 

CONTINUOUS 


CONDITIONS 

UNDESIRABLE 

UNDESIRABLE 

EXPOSURE 

AND EXTENSIVE 

WORKING 



CONDITIONS 
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CONDITIONS 
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20 

30 

40 
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LESS THAN 

$1000 TO 

$10000 TO 

$20000 TO 

OVER $50000 

, 

RESPONSIBILITY 

$1000 

$10000 

$20000 

$50000 


FOR MATERIALS 






AND EQUIPMENT 

15 

30 

45 

60 

75 


FIG. 44. Job Evaluation by the Point System 


evaluated should be entered in the rating manual as an illustration of 
the degree requirement. For example, if the job of tool set-up man is 
rated as fifth degree under the factor of experience, the title of that job 
should be used as an illustration for the guidance of subsequent raters. 

The evaluation of six representative jobs is illustrated in the chart 
shown in Figure 45. The factors used in the evaluation and the weights 
assigned to each factor are indicated in the scale of values at the right 
in the illustration. The total value of all factors is 1,000 points, and 
the highest rated job is assigned 645 points. The high evaluation of the 
job of tool set-up man is due principally to the mental development, 
skill, accuracy, experience, and mental effort required. 

The evaluation will usually result in a wide range of point values for 
the various jobs. To avoid the confusion which would result from hav- 
ing a different pay scale for each point value, a limited number of labor 
grades should be established. For example, 10 labor grades might be 
established with definite point values within each grade. Grade 10 
might include all jobs with point values of 175 or less. Grade 9 might 
indude jobs with point values from 176 to 185. The number of points 
included within a grade usually increases with the higher grades. The 
limits depend upon die jobs to be graded. 




THE JOB • • • 1000 POINTS ( Total Potential ) 



FIG. 45. Illustrative Job Evaluations 
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In the discussion of the point system up to this time* the question of 
pay has not been considered. Because wage rates have often been a 
haphazard process, the pay for many jobs will be found to be out of 
line with the points assigned under the job-evaluation program. This 
fact can be graphically demonstrated by the preparation of a chart 
which shows the existing pay rate and the points assigned to each job. 
Such a chart is shown in Figure 46. 

Usually, the pay 
rates for the various 
classes of jobs are de- 
termined after a sur- 
vey has been made qf 
comparable jobs in 
the same industrial 
area. In making the 
survey, the job-evalu- 
ating committee sub- 
mits job descriptions 
for a limited number 
of companies and re- 
quests information as 
to wages paid for 
similar jobs by the 
other employers. A 
visit is made. to the 
plant of each com- 
pany to which such an inquiry is sent to determine the requirements of 
the jobs and to establish the fact that the requirements are similar. The 
committee must inquire into any supplementary pay, such as bonuses, 
overtime pay, paid vacation, paid group insurance, pension or retire- 
ment plans, and other financial aids. Because an increasing number of 
companies are interested in labor market surveys, the information is 
sometimes tabulated and made available to the co-operating companies. 
The rates established for the various grades, which are based upon the 
results of the survey, may be at, below, or above the rates pai<J by other 
companies. For example, an employer who guarantees a yearly wage 
or who guarantees a stated number of weeks of work each year might 
pay rates which are somewhat below the community level. 

Another problem which must be decided in establishing rates of pay 
for the labor grades is whether to establish one or several rates of pay 
for each grade. One of three plans may be followed: 
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FIG. 46. Method of Showing Relation of Prevailing Wage 
Rates and Job-Evaluation Points 

From this chart, management can easily see which jobs 
are out of line. Key: 1 — machinist, first class ; 2 — tool set- 
up man; 3 — welder; 4 — carpenter; 5 — engine lathe opera- 
tor; 6 — assembler, gang leader; 7 — grinder, finish; 8 — drill 
press operator; 9 — truck driver; 10 — milling machine op- 
erator; 11 — punch press operator; 12 — turret lathe opera- 
tor; 13 — shipping clerk; 14 — unskilled labor; 15 — janitor. 



JOB EVALUATION 


447 


1. A single rate may be established for each grade. All jobs within 
the grade are paid the same rate regardless of their point values. 

2. A maximum and a minimum rate may be established for each 
grade. The minimum rate is the starting rate. The pay of an employee 
is established by periodical rating of his qualifications and accomplish- 
ments. A variation of this plan would grant wage increases within the 
range established for the job at time intervals determined by the rating 
of the employee. For example, if the normal time interval between 
wage increases is six months, an outstanding employee might be given 
an increase after three or four months, a satisfactory employee after 
six months, and a passable employee after nine or ten months. The 
various gradations of employee ratings would be determined by assign- 
ing point values for ratings on various tasks. 1 

3. A maximum and a minimum rate may be established. The pay of 
an employee on the job is advanced to the mid-point of the scale by 
reason of seniority, with advances at predetermined intervals. Ad- 
vances beyond the mid-point are based upon merit. 

When the evaluation of a job indicates a wage rate which is higher 
than the existing rate, the wages should be advanced in accordance 
with the evaluation. If the existing rate is higher than the rate called 
for by the plan, the problem is more difficult because it is usually un- 
wise to reduce the pay of an employee as a result of the evaluation of 
his job. One solution is to train the employee for a higher rated job 
and to transfer him to it without loss of pay. The job made vacant by 
the transfer is filled by transferring a worker from a job with a lower 
rating. Another way out of the difficulty is to pay present employees 
the existing rates and, as vacancies occur, to employ persons at the 
lower rates. 


MAKING THE PLAN EFFECTIVE 

The success of job evaluation requires that steps be taken to inform 
workers of the way the new plan will affect them and to meet objections 
as they arise. An essential requirement for success is the sincerity of 
the mangement in its desire to deal fairly with workers in the matter of 
job assignments and wage rates. 

Disseminating Information as to the Plan. If the union has partici- 
pated in die formulation of the plan, the task of informing employees 
of its purpose and its application is made much easier than would 

1 E. F. Fisk, "Tying Pay Raises to Merit," Factory Management and Maintenance, Vol. 
OXVI, No. 9 <1958). p. 108. 
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otherwise be the case. Employees may be informed through the plant 
periodical, the local newspapers, group meetings, die bulletin board, 
and booklets or leaflets. Appeal is made to the sense of fairness of 
employees, who will readily agree that the pay should not be the same 
for all jobs. While the factors and the weights assigned may be subject 
to differences of opinion, the plan of increasing the pay as job require- 
ments increase will usually be accepted. An illustration of the method of 
explaining the job-evaluation plan is shown in Figure 47. 



ANY ADDITION TO THE NORMAL REQUIREMENTS ON THE 
LEFT OF SCALE MUST BE BALANCED BY ADDING TO THE 
RATE ON THE RIGHT OF SCALE. 


Courtesy of Armstrong Cork Co. 


FIG. 47. Drawing Used to Explain Job-Evaluation Plan 

This drawing was used in a pamphlet on the job-evaluation plan which was prepared for 
distribution to employees. 


When the evaluation plan is explained to employees, they should be 
told not to expect that the plan will cure all the ills in the rate structure. 
They should also be told that, while no one will receive a pay cut, some 
will not receive raises. Attention should be centered upon the fact that 
the plan is designed to fix compensation by uniform measurement rather 
than by individual bargaining. 

To obtain the support of foremen, several advantages of job evalua- 
tion may be pointed out. The plan should reduce the amount of dis- 
sention and criticism. False accusations of discrimination can no longer 
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be made. The program does not strip foremen of their authority but 
helps them to evaluate and measure jobs. 

Maintaining the Plan. The jdb evaluations will soon become obso- 
lete unless they are revised. New jobs will be added, and existing jobs 
will be changed. Points assigned to jobs may be challenged by the union 
and by workers. Such jobs should be restudied and reclassified, if 
necessary. Requests for re-evaluation of a job may come from foremen, 
time-study men, or other persons. 

LIMITATIONS OF JOB EVALUATION 

While the technique of job evaluation is vastly better than haphazard 
opinion, it is not to be inferred that it is perfect. Job evaluation is not 
scientific in the sense that it is exact. Opinion enters into the selection 
of factors, the assignment of weights, and other phases of the program. 
Job evaluation does not provide a basis for determining the amount of 
the total income from sales that should properly be paid to the worker 
individually or to workers as a group. 

Need to Get Workers. Probably the greatest weakness of job evalu- 
ation arises from the fact that any employer will ultimately be required 
to pay a sufficiently high rate of wages to attract workers and maintain 
the work force as a group. If the rate for a job as determined by job 
evaluation does not attract a sufficient number of workers for some 
jobs, the rate may require revision regardless of point values. Although 
this difficulty may be met in part by the labor market survey, wage prob- 
lems of this kind may still arise, particularly in a changing economy. 

Relation to Employee Rating. The principle that wages go with the 
job rather than the individual is sound. However, the personal traits 
of the worker are also important. Such traits include regularity of at- 
tendance,, quality of workmanship, observance of safety regulations, and 
willingness to help in an emergency. Personal qualities may become a 
factor in wage determination as a result of an employee rating system, 
but the wage rate will be determined largely by the job. 

Attitudo of Unions. As might be expected, labor unions do not ac- 
cept the technique of job evaluation as an adequate solution to wage 
problems.’ They tend to regard it as an arbitrary yardstick for ranking 
jobs in relation to each other. They say that by using this method, man- 
agement merely determines the pay of a job in relation to other jobs 
in. the same plant. Even for this purpose, however, they contend that 
the value of job evaluation is limited because the weights assigned to 
he different factors are arbitrarily determined. The final ratings are not 
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scientific, and the point values of a job are not necessarily fair and 
equitable in relation to the point values of other jobs. Furthermore, 
labor unions say that the general wage level in a plant may not prop- 
erly reflect the cost of living, the ability of the employer to pay, and 
other criteria that properly affect the wage structure. To some unions, 
the use of points, factors, degrees of a factor, and community wage 
surveys merely provides a "smokescreen” by which management may 
introduce an element of confusion and attempt to avoid genuine col- 
lective bargaining and realistic wage adjustments. These criticisms 
suggest that job evaluation does not provide a complete answer to the 
question of wage determination . 2 \ 

QUESTIONS \ 

1. Is dissatisfaction with wages largely caused by a low level of wages or by 
discrimination in rates of pay? 

2. How does job evaluation attempt to deal with dissatisfaction with the 
wages paid ? 

3. Can a person who works at a job that is poorly paid raise his wages by 
working hard and doing the work as he is expected to do ? How can he best raise 
his wages? 

4. Do workers receive good wages for working at a job where working condi- 
tions are bad and the accident hazard is great? 

5. What are the advantages and the weaknesses of the job-ranking method of 
job evaluation ? Of the job classification method ? 

6. Is the worth of a job to the company determined by the value added to the 
product by the job? Explain. 

7. Why is high point value given to a job with high requirements for educa- 
tion, experience, and skill? 

8. Labor unions have alleged that the point values assigned to a factor are 
purely arbitrary. In what respect, if any, is this charge justified? 

9. How is allowance made for fringe benefits in the job-evaluation procedure? 

10. How are the results x>f the community survey used in determining the pay 
fora job? 

11. How does the efficiency rating or merit rating of a worker affect his pay 
when the point system of job evaluation is used ? 

12. How can the employer adjust the wage rates of workers whose pay is 
shown by the job evaluation to be too high ? What does he do about wage rates 
that are found to be too low ? 

* See Edward N. Hay, "The Attitude of the American Federation of Labor on Job Evalu- 
ation," in Paul PigOrs, C. A. Myers, and F. T. Malm, Readings in Personnel Administration 
(New York: McGraw-Hill Bqok Co., Inc., 1959), pp. 405-12. 
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CASES 

51. LAUNCHING A JOB-EVALUATION PLAN 

The Brinkley Spring and Wire Company has had considerable difficulty over 
requests of employees for wage increases. An argument frequently made by em- 
ployees was that their wages were not sufficiently higher than wages paid certain 
other employees whose jobs required less skill and experience, permitted them to 
work in more pleasant and desirable working conditions, or made less physical 
and mental demands. The plant superintendent, the foreman, and the personnel 
director, in conference with the worker and the shop steward, frequently found 
themselves unable to explain differentials in pay. After dealing with a number of 
such cases, they decided that wage differentials were largely the result of bargain- 
ing with employees and union officers and that a general revision was needed. The 
president authorized that a job-evaluation program be undertaken for the jobs of 
the 750 employees. The plan selected was a widely used point system which had 
been especially developed for the metal trades. 

As the personnel manager did not feel qualified to supervise the program, the 
company employed a job analyst who had recently organized the program of an- 
other company. Since the job analyst was not familiar with jobs in the Brinkley 
Spring and Wire Company, he requested that two men be selected from the plant 
to work with him. They would be able to continue the program after the job 
analyst had completed his work if the management found this arrangement to be 
desirable. One of the men selected to assist the analyst was a former time-study 
man and the other was a cost estimator. These men were selected on recommen- 
dation of their supervisors, who rated them high on analytical ability, ability to 
express themselves, ability to handle people, and enthusiasm for their work. 

The plant superintendent informed the foremen and other people in manage- 
ment of the nature and purpose of the program. After the analyst was employed, 
he attended the regular meetings of the supervisors and explained to them what 
the plan would be and how they would be affected by it. He emphasized the fact 
that they would be able to discuss intelligently with employees any complaints 
concerning wages. No wages would be reduced as long as an employee now hold- 
ing a job remained on it. Ultimately, the hope was that a rational wage structure 
could be achieved. The program was also explained to union officers and em- 
ployees. 

Before undertaking to evaluate any job, the analyst spent two days with his 
assistants discussing the theory of job evaluation and the procedure to be followed. 
The assistants were then asked to write descriptions of jobs with which they were 
familiar. They were told to include all data that would be used in assigning 
points to jobs in the evaluation plan. The writing of the descriptions and the 
discussion of the jobs by the analyst and his assistants extended over two days 
more. 

The next step was the making of a job evaluation by the analyst with the aid 
of the foreman of the department. For the first study the analyst chose the job of 
drill press operator, with which he was thoroughly familiar. The assistants ob- 
served the methods. On the next job the analyst and the assistants made the 
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ratings, and the three evaluations were then compared. This method was con- 
tinued for two days, during which time five jobs were rated. Then the analyst 
watched while the assistants made evaluations of other jobs. The training of the 
assistants extended over a total of fifteen days. 

The work of evaluating the various jobs continued under the supervision of 
the analyst who checked the job descriptions, the degrees of each factor, and the 
points assigned. The assistants obtained their information concerning each job 
from the foreman, the worker, and their own personal observation. They dis- 
cussed each rating and the point values with the foreman and explained the reason 
for the ratings assigned. Foremen were given the opportunity to object to any 
rating. Workers were not told what the point values of their jobs were because no 
wage rates were assigned and no wage scale had yet been made. - / 

The study of the jobs by the analyst and his two assistants continued I over a 
period of five months. At the end of that time management agreed upon a wage 
scale in money to be assigned to the jobs. This wage scale required a few\ wage 
increases. The new scale was explained in a general meeting of employees, and a 
booklet describing the plan and its results was distributed. Each foreman was 
given information concerning the results of the evaluation of all jobs in his de- 
partment. He personally explained to each employee how his job had been evalu- 
ated and how his job fitted into the new wage scale. In accordance with the 
original plan the company granted a wage increase where the point value of the 
job indicated that the worker was entitled to an increase. No wages were de- 
creased. 

After the analyst left the company, one of the assistants continued the program 
by investigating requests for the revision of point values assigned to jobs and 
studying new jobs as they were created. His work gradually decreased as the 
number of complaints became less. However, the management believed that he 
should be retained indefinitely in the personnel department. 

Questions: 

1. Why did the company find a program of job evaluation necessary? 

2. What might it hope to gain by such a program? 

3. How would the average wages paid be affected ? 

4. Do you approve of the procedure followed ? 

52. PAY OF FOUNDRY WORKERS 

The National Metal Products Company produced a varied line of metal prod- 
ucts for sale to machine manufacturers. The departments of the factory were 
designated as patterns, foundry, forge shop, machining, finishing, and assembly. 
The company had established a wage scale according to the job-evaluation plan of 
a well-known trade association in the industry. The plan provided for a total of 
500 points of which 250 were assigned to skill, education, and experience. The 
maximum number of points on working conditions was 25, and the maximum 
for safety was also 25. 

Despite the careful assignment of point values to various jobs and the con- 
struction of a logical wage scale in view of community wage levels, the company 
experienced considerable difficulty in the foundry. Most of the foundry jobs 
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were assigned the maximum of 25 points for working conditions because the 
foundry was hot and dirty in summer, and it was subject to drafts of hot and 
cold air in winter. The men were exposed to serious accident hazards because of 
possible burns on legs, feet, hands, arms, or face. Workers did not like to wear 
protective helmets, shoes, leggings, and gloves, although they were expected to 
do so. 

For many years, the workers in the foundry had been immigrants from a 
country of central Europe, or the descendents of such immigrants. However, 
immigration had dwindled until few immigrants of that nationality were avail- 
able, and the young men were desirous of finding work that would give them 
greater social gtatus. Young men of other nationalities or of American birth 
could not be induced to accept foundry employment at the wage rate provided by 
the job evaluation program. Furthermore, the employment manager doubted that 
persons of other nationalities would be accepted by the group presently employed 
in the foundry. 

The problem of foundry wages and employment was discussed at a meeting of 
the foreman, the plant superintendent, and the personnel manager. The foreman 
argued that the test of a job evaluation plan lay in the attractiveness of the wage 
rates to prospective employees. He suggested that the point values assigned to 
foundry jobs be disregarded and that wage rates be substantially increased. The 
personnel director thought that the difficulties arose because of poor supervision, 
a failure of management to air-condition the foundry, and the lack of mechan- 
ization. He urged attention to these aspects of the problem. The plant superin- 
tendent thought that too many persons of one nationality had been employed. 
The work was regarded as lacking in status because it was associated with the 
one group. He would mix different nationalities and would promote a recruit- 
ment program more effectively. He also suggested that if the situation did not 
improve, he might recommend the closing of the foundry and the purchase of 
castings from other companies. 


Evaluate the various proposals. 
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25 Personnel 
Activities 


INDUSTRY is devoting an increasing amount of attention 
to the problems of human relations. Reasons for the growing import- 
ance of this phase of management may be found in the growth of labor 
unions and in the greater amount of federal and state labor legislation. 
Of equal importance, however, is the recognition of the necessity for 
improving personnel relationships. The greater variation in efficiency 
among plants within an industry is in the human element. It is probably 
easier to equip a plant with the right machines, materials, buildings, and 
layout than it is to provide a corps of trained and loyal workers who 
are integrated into an effective organization. A company that is equipped 
with efficient machines and buildings may be wrecked by dissatisfaction, 
strife, unrest, slowdowns, and excessive labor turnover. An efficient 
work force with a high state of morale is essential to success. 

Although the problems of personnel management penmate the entire 
organization and cannot be segregated and managed by a separate de- 
partment, the general policy has been to establish a personnel depart- 
ment to study workers and their problems, to formulate policies concern- 
ing workers, and to assist in the handling of personnel activities. The 
work of the personnel department in no way minimizes the need for the 
practice of sound methods of dealing with human problems on the part 
of the foreman and other persons in the line organization. On die con- 
trary, it indicates that management regards the problem of manpower 
as being so important as to require the aid of specialists in the field. 

PERSONNEL FUNCTIONS 

The personnel manager is not a supervisor or a boss except insofar 
as the employees in his own department are concerned. He cannot give 
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orders to either the worker or the foreman. His authority over activities 
in the shop is limited to assisting the foreman in dealing with problems 
as they arise and in advising with top management concerning policies 
as they relate to personnel. He manages directly none of the work of 
production but only those activities that concern emp loyees, such as 
jrecreationt / healtjh r v4hd cafeteria/se rvice. The personnel manager cam 
not issue commands but can only advise . IF his recommendaHonTare 
not followed, he can refer the problem to a higher executive; but he 
cannot take direct action. 

The foreman may be irritated by the interfer ence of a representa- 
tive of the personnel department. A further irritation may arise its a re- 
sult of communications within the organization. In the absence of staff 
departments, all communications concerning conditions in a manufac- 
turing department originate with the foreman; and some unfavorable 
facts may be suppressed or glossed over through the averaging or total- 
ing of weekly or monthly production figures or other data. The staff 
departments, on the other hand, are anxious to straighten out difficulties 
and to report them to officers up the line in order that they may prove 
how useful they are to the organization. The foreman would prefer not 
to report his difficulties and problems which the personnel department 
may want to play up as justification for its existence. This situation 
requires tact on the part of the personnel manager. 

The personnel function increases in importance with the size of the 
company and the plant. In larger companies, there is danger that the top 
executives will lose sight of employee desires and interests and that the 
employees will misunderstand the motives of top management. The 
difficulty is due in part to the existence of a number of horizontal levels 
in the organization. In multiplant companies the plants are smaller 
and the local management may establish fairly close personal relation- 
ships with the workers. In such a company the personnel manager at 
the main office formulates general personnel policies which are made 
effective through a local representative or personnel manager at each 
plant. 

Development of Personnel Function. The first personnel depart- 
ments, as explained in Chapter 1 (p. 18), were no more than, employ- 
ment departments. Although their activities were slightly expanded 
prior to World War I, the scope remained rather limited. In 1916 a 
progressive personnel manager explained that the purposes of his de- 
partment were to improve human relationships and to reduce labor turn- 
over through employment and placement activities. The employment 
department sought to develop a better labor force by studying the re- 
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quirements of the various jobs and by employing people who could best 
meet the requirements. Since new employees were not always fully quali- 
fied for their jobs, the employment department carried on a limited 
amount of training. Exit interviews with departing employees were de- 
signed to find instances of poor placement and to eradicate the causes 
of employee dissatisfaction with their work. 

After World War I personnel work steadily expanded. Many new 
techniques were devised, and old methods were improved. Notable prog- 
ress was made in methods of selecting and training workers; and person- 
nel activities were expanded to include numerous employee services, 
employee counseling, job evaluation, merit rating, and other activities. 

Relations with Unions. Union relationships have become exceed- 
ingly important, and the personnel department necessarily concerns itself 
with the union, although the top executives also participate in the han- 
dling of such problems. In most large manufacturing companies, the 
relations between the company and the union, or unions, are stated in a 
formal contract. Negotiations with the union in relation to the con- 
tract are conducted in close consultation with the top executives, and 
the personnel manager may participate only to the extent of rendering 
advice. The contract includes a wide variety of provisions. It would 
always provide for the recognition of the union as the bargaining agent 
of the employees, or a part of them. It also defines the groups of work- 
ers for whom the union is authorized to bargain. It usually provides 
for the checkoff or the deduction of union dues and assessments from 
the pay of employees. Miscellaneous clauses provide for seniority rights, 
the conditions under which seniority rights may be lost, the manner of 
spreading work to prevent layoffs, the order in which workers will be 
laid off, discharges, and promotions. Other provisions pertain to extra 
payment for nightwork, odd shifts, overtime, paid vacations, holidays, 
and other compensation. The contract sometimes provides for various 
phases of working conditions, such as health, safety, and sanitation. The 
contract states the date when the agreement will become effective, the 
duration, the date of termination, and the method of renewal. 

In day-to-day relationships with the union, management is represented 
by the foreman with the assistance of the personnel department. The 
foreman receives complaints from workers and usually settles difficulties 
without any necessity for consulting anyone else. Some questions may 
be referred to the superior, who may be the plant superintendent or the 
general foreman. If the complaint is not handled by the foreman in a 
manner that is satisfactory to the worker, the problem may be referred 
to the personnel department by either the worker or the union represen- 
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tative. If die difficulty is not settled in the personnel department, the 
worker or the union may appeal to the next level of the company organ- 
ization. It is important for both the company and the workers that griev- 
ances be settled at as low a level in the organization as possible. 

Organization for Personnel Relations. A possible organization for 
personnel and industrial relations is shown in Figure 48. As indicated 
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FIG. 48. Organization of Personnel Department 


by this illustration of the organization within the Caterpillar Tractor 
Company, the head of the department is called industrial relations man- 
ager rather than personnel manager. Moreover, the departmental or- 
ganization in this company should not be regarded as fixed because the 
details of the organization vary with the company. The Caterpillar Trac- 
tor Company has an unusually elaborate program of personnel activities. 
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PERSONNEL OBJECTIVES AND POLICIES 

The principal objective of early personnel departments was to reduce 
labor turnover by proper methods of selection, placement, and transfer 
when necessary. This objective still remains one of the principal aims. 
However, personnel work is now directed also at developing a loyalty to 
the company and an understanding of its problems. This objective is 
accomplished by a manifestation of a genuine interest in the worker and 
a recognition of his worth as an individual. Activities that are designed 
solely to develop loyalty to the company or to create a better understand- 
ing of company problems will usually be recognized as such by the work- 
er and branded as propaganda. The union is likely to denounce such a 
program as a snare to trap the worker and to undermine the position of 
organized labor. Consequently, the work of the personnel department 
should be motivated by a sincere interest in the worker as an individual. 
Loyalty to the company and improved morale should be by-products of 
policies that can be justified on other grounds. 

Furthering Company Objectives. The personnel manager is ex- 
pected to criticize or evaluate a proposed program or policy from the 
point of view of the effectiveness of the work force. However, he can- 
not afford to put himself in the position of opposing changes that will 
benefit the company. He is, after all, a part of the management; and 
his purpose is an increase in company profits. The personnel manager 
is therefore in a very different position from that of an officer of the 
union. While both are expected to oppose policies that would be detri- 
mental to the worker, the personnel manager cannot become a partisan. 
The employee, therefore, cannot expect him to carry a controversy up 
through the higher levels of management as the union may do. The 
personnel manager himself can never be sure how far he may safely go 
in advocating or urging concessions for a worker, since he may under- 
mine his own position. The worker, therefore, is likely to regard with 
some suspicion the representations of management that the personnel 
department exists for the protection of his interests. 

Developing an Efficient and Loyal Work Force. To increase the co- 
operativeness of the worker, the personnel department should have an 
understanding of the worker and his problems. The more significant 
wants and interests of the worker have been discussed in Chapter 7 (p. 
120). His most pressing interests concern working conditions, super- 
vision, security, and pay. The view of the average worker is limited 
in scope, but he feels keenly concerning the things which he does see. 
From his point of view, the most important representative of the man- 
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agement is his supervisor. In a less significant position are the members 
of the personnel department, the time-study and standards department, 
and other staff departments with which he comes in contact. Top man- 
agement, although actually more significant, is farther removed and 
assumes a less prominent position. The attitude of the average worker 
is also profoundly affected by the fear that his job and his future are 
insecure. A management that can offer security will profit in many 
ways from an improved worker attitude. 

A personnel program should take cognizance of the fact that the 
worker belongs to the group. The procedure for selection and] place- 
ment of workers will fail unless due allowance is made for that fact. 
White persons may not readily accept a Negro ; Polish workers may not 
accept a Greek; and men may resent the employment of women ii\ jobs 
that they regard as men’s work. Group solidarity is often based upon 
religion, social relationships, club membership, or nationality. Experi- 
ence has shown that the existence of groups is essential to plant soli- 
darity and stability. New enterprises which have not established a 
group relationship are plagued by excessive absenteeism, a high rate of 
turnover, and low morale. 

Every person desires the respect of his fellows: This desire is most 
keenly*felt in closely knit groups, although it exists in all societies. How 
much work a person does may be more affected by what the group ex- 
pects than it is by the score he makes on intelligence or manual dex- 
terity tests. This significant fact should be recognized in the formula- 
tion of personnel programs. It may work for or against the interests of 
the company. 

Employee attitudes and loyalty are affected by all of the experiences 
of the worker in the company and his contacts with supervisors, fellow 
workers, representatives of the personnel department, and other per- 
sons, The greatest influence upon morale is probably exerted by the 
foremen because their contacts are most frequent. The personnel de- 
partment must have the co-operation of operating executives to bring 
about changes in working conditions or to correct inequities. However, 
the personnel director can exert much influence by helping to keep line 
executives informed, making recommendations for new policies, and 
showing the importance of worker attitudes. 

Statement of Personnel Policies. Recognizing that the worker is in- 
terested in the general policies that guide the management in its dealing 
with employees, many companies have formulated a statement of their 
policies and have made them available to any interested person. The 
statement may be brief, .since it consists of general principles that require 
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application to specific problems. It usually makes reference to the inter- 
ests of employees, the public, the managmeent, and the stockholders. 
For example, the statement of one company includes the following: 

The following principles and procedures comprise the company’s labor rela- 
tions policy: 

Recognition of the individual worth of each employee, and of his need for 
self-expression and self-improvement. 

No discrimination by the company or its employees against any employee be- 
cause of membership or nonmembership in any church, society, fraternity, or 
union. 

Training of employees for more important work; promotion based on demon- 
strated ability. 

A policy of at least matching prevailing rates for similar work in comparable 
operations in the community, as well as prevailing conditions of employment 
Changes in living costs are also taken into consideration. 

An adequate grievance procedure, together with well-established rules for dis- 
cipline and discharge. 

A genuine belief in collective bargaining principles — with the employee in- 
dividually or with his accredited representative. 

Continuity of employment, limited only by the work load and by the compe- 
tence of the individual. 

The promotion of effective health, sanitation, and safety programs . 1 

The statement of policies is usually supplemented by a more detailed 
statement of company rules and regulations and by descriptions of spe- 
cial services and benefits. The most common booklet of this kind is the 
employee handbook. Handbooks differ considerably in their methods of 
presenting the information. Some are formal, factual, and dignified in 
their approach; and others are informal, friendly, and conversational 
in tone. Some give a great deal of information about the company, its 
product, its history, and its financial condition. Some stress rules and 
regulations; and others emphasize recreational activities, credit services, 
and other benefits provided for employees. 

Responsibility for Human Relations. Although the personnel de- 
partment has as its objective the improvement of personnel relations, its 
authority is limited to such activities as advising with top management 
concerning problems as to policy in the field of human relations, co-oper- 
ating with the operating departments on personnel problems, assisting 
in the development of sources of labor supply, supervising methods of 
selecting workers, and assisting the operating executives in the handling 
of various problems in the field of personnel. In cases of difference of 
opinion between the operating executives and the personnel manager, 

1 The full statement includes thirteen provisions similar to those quoted. 
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the higher executives would usually be inclined to agree with the oper- 
ating executives because they are responsible for getting out the work, 
meeting production schedules, and keeping down costs. 

Qualities of Personnel Manager. To perform his work effectively, 
the personnel manager should have an appreciation of the problems of 
human relations and an understanding of what is required to establish 
harmonious relationships. He should also be able to convince other ex- 
ecutives to accept right principles and to put them into practice. The 
proper principles would include a recognition of the dignity of the indi- 
vidual, fairness and impartiality in dealing with people, and freedom 
from racial or other prejudices. He should realize the costliness of 
error in dealing with human lives, and he should understand the im- 
portance of protecting a worker and the company from financial loss. 

To establish good human relations, the personnel manager should be 
able to appraise a situation and to arrive at a sound judgment in the 
midst of controversy where emotional feelings run high. He should be 
willing to express his point of view, even to top executives. At the 
same time, he should be tactful and diplomatic. He should be willing 
to permit the foreman or the worker to have the credit when a difficulty 
has been satisfactorily handled. This attitude on his part is not easily 
developed because he may be anxious to convince top management that 
he is rendering a worthwhile service to the company. 

The personnel director is expected to develop a program for improv- 
ing the morale of employees and establishing better relations with 
them. However, in most cases, such a program means more paper work 
for the foreman and other line personnel in the preparation of reports 
of employee performance, the rating of employees on their efficiency or 
promise of further development, the preparation of descriptions of 
jobs in the department, and the assembling of other data. The per- 
sonnel director must steer a difficult middle course to perform his func- 
tion properly without arousing the opposition of operating personnel. 2 

Most of the proposals of the personnel director would require a 
cUange in operating methods, procedures, or practices. For example, the 
personnel director might wish to inaugurate a new program of training, 
merit rating, counseling with employees, or accident prevention. People 
naturally resist changes, and the personnel director will be required to 
find ways of overcoming resistance. While the methods will vary , with 
the people and the circumstances of the situation, he may find it desir- 
able to consult with operating executives in the working out of the 

*See Dalton E. McFarland, "Dilemma of the Industrial Relations Director," Harvard 
Business Review, Vol. XXXII, No. 4 (1954), pp. 123-32. 
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details of a change. He should consult them early enough to permit 
them to make suggestions that will be incorporated in the plans. If he 
permits operating executives to assist in the development of a program, 
he may give them a feeling that the plans are at least partially their 
own.® 

Evaluation of Personnel Work. Management usually accepts per- 
sonnel activities as being essential to the success of any large company. 
However, the value of personnel work is not easily determined because 
any improvement in human relations is usually the result of the work 
of many persons and because the results of personnel work are intangi- 
ble. Some measurement of the gains in relation to costs may be 
achieved by studying labor turnover, production records, absenteeism, 
labor costs, and profits. The results of some activities such as a safety 
program or employee training may be stated in dollars and cents and 
compared with costs. 4 A substantial part of the benefits will be reflected 
in the human values, such as greater self-respect of the individual, an 
appreciation of fair play, and the intangible factor of employee atti- 
tudes. 

Index of Employee Relations. Some companies have attempted to 
compute an index of employee relations by converting such data as 
the figures for labor turnover, absenteeism, tardiness, scrap, accidents, 
and grievances into percentages, with figures for an earlier year taken 
as 100. The various series are then averaged to compute one figure 
which is used as an index. In this way, the company attempts to evalu- 
ate the success of its employee relations program from year to year. A 
company that owns and operates several branches or plants may under- 
take to compare the programs of the various plants by the use of such 
an index. 

While an index of employee relations may have some value, it 
should be used with caution. The success of any program depends upon 
many factors that are not under the control of the industrial relations 
manager or even the persons in the operating division. Moreover, em- 
ployee attitudes and opinions may not be reflected in any of the dita 
that are used in the computation of the index. Many of the intangibles 
are impossible to measure even though they are important.® The man- 
agement is concerned with various aspects of quantity of production, 

* See Paul R. Lawrence, "How to Deal with Resistance to Change,” Harvard Business 
Review, Vol. XXX, No. 3 (1954), pp. 47-57. 

' See Robert Saltonstall, "Evaluating Personnel Administration,” Harvard Business Re- 
view, Vol. XXX, No. 6 (1952), pp. 93-104. 

''See Chris Argyris, "The Organization: What Makes It Healthy?" Harvard Business 
Review, Vol. XXXVI, No. 6 (1958), pp. 107-16. 
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quality of the product, cost, and human relations which may be affected 
by the personnel program but are not determined entirely by such 
activities. 


QUESTIONS 

1. It has been said that the personnel director faces a dilemma in that a strong 
personnel program will require much paper work of the foreman, which they 
dislike, and that a weak program will fail to accomplish the purposes of the per- 
sonnel department. Explain the two alternatives, and indicate how the dilemma 
may be avoided. 

2. The personnel director faces a problem with regard to company policy. 
The policy is determined by top executives, sometimes without the consent of 
the personnel director, and the support of the personnel director is required in 
carrying out the program. Explain methods of handling this problem. \ 

3. The personnel director is expected to explain personnel policies to the 
workers, and he is also expected to support company policy. Can he expect 
workers to come to him for the settlement of grievances if he is partisan, favoring 
the company in every instance ? 

4. Is the personnel director expected to improve human relations throughout 
the plant? How can he do so when his relations with foremen and workers are 
not constant and close? 

5. The union claims to be the only organization that protects the interests of 
the worker as a human being and not as a factor in production. Is this a fair 
statement? Can the company become too human in its dealing with workers? 
Explain. 

6. Is the most important role in the communication of company policies to 
workers properly played by the personnel director or by the foremen? 

7. How can the management know whether the personnel department is worth 
its cost to the company ? 

8. Will workers listen to statements of the personnel department in defense 
of company policy, or do they dismiss such statements as propaganda? How can 
the company develop the proper attitude on the part of workers? 

9. What is the responsibility of the personnel director regarding proposals by 
other executives for programs that would lower employee morale? If they con- 
sistently criticize such proposals, may they become branded as obstructionists? 

||P. Some companies do not publish statements of personnel policies because 
they wish to meet any new situation in the light of the circumstances of the 
moment. Defend or criticize. 

11. What is the responsibility and the authority of the personnel director 
regarding working conditions that might be injurious to the health of workers? 

CASES 

53. COMPANY RULES CONCERNING ABSENCES AND TARDINESS 

. v « * 

The personnel director of the Apex Spring and Wire Co. was* concerned 
about the number of absences and the amount of tardiness. After discussing the 
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problem with the plant superintendent, he called a meeting of the foremen to 
discuss possible changes in the rules. It was generally agreed that absences and 
tardiness were excessive, and various suggestions were made for correcting the 
situation. 

One foreman suggested that absences and tardiness reflected a low level of 
morale and that all phases of management practices and policies should be re- 
examined. He mentioned methods of selecting persons for employment, the 
induction procedure, methods of handling grievances, wage rates and bonuses, 
and methods of supervision. The personnel director thought that the proposed 
corrective measures were too broad and that attention should be directed to 
particular problems. 

Another foreman thought that the present rule concerning tardiness was too 
severe and that the rule should be relaxed. According to the present rule, a 
worker who did not report to work promptly at starting time was required to 
report to the front office and receive a warning slip before reporting for work. 
He was further penalized by loss of pay for *4 hour. The penalty tended to 
build up resentment because it was unfair. The foreman thought that a period 
of grace might be permitted and that the worker who arrived no more than five 
minutes late should be allowed to begin work without penalty. In his department, 
the foreman said, the workers were not on an assembly line and they could begin 
work at any time. The plan of permitting a grace period was being followed in 
another plant, and the workers often made up the five minutes by extra w r ork at 
the lunch period or at quitting time. 

To reduce absenteeism, a foreman suggested that the company should estab- 
lish a number of days of sick leave each year, and it should agree to pay the 
employee his regular pay if his absences were due to illness. The number of 
days of sick leave would depend upon the number of days of service with the 
company. An employee who did not take all of his sick leave during any year 
would receive pay for the days not taken by the end of the year. This plan had 
been tried for clerical workers, the foreman said, and it had almost eliminated 
absenteeism. 

Another foreman suggested that a coffee break should be instituted. He said 
that the employees managed to take a break each morning and each afternoon 
on one excuse or another, and he thought it would be better if they all took a 
break of the same length at the same time. Another foreman said that the com- 
pany paid for eight hours of work each day and was entitled to that amount of 
production time. The suggestion was made by another foreman that the institu- 
tion of a coffee break would not only reduce absenteeism but would also increase 
production. 

The method by which coffee was supplied to many workers at one time was 
discussed. The coffee could be placed on a table in pitchers, and each worker 
could serve himself and drop his money into a box under the honor system. 
According to another plan, coffee breaks in various departments could be stag- 
gered with one department stopping work at a time. Still another plan would 
provide for one worker from a department to go to the cafeteria and get coffee 
for all of the workers at one time. It was also suggested the company install 
autdmatic vending machines where each worker could serve himself after drop- 
ping a niclcel or a dime into a slot. If a worker wanted to bring coffee from home 
in a thermos bottle, he would be permitted to do so. 
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The personnel director thanked the foremen for their suggestions and stated 
that he would discuss the problem and their suggestions with the plant manager. 

Requited: 

1. Evaluate the suggestions made by the foremen. 

2. Was the procedure of the personnel director in asking foremen for sug- 
gestions the proper way to handle the problem ? 

54. ENFORCEMENT OF COMPANY RULES 

The J. C. Hardy Co., Inc., published a booktif rules and regulations and gave 
a copy to every employee. One of the rules stated that any employee who was 
unable to report for work should notify the foreman before work time on the 
day he was absent. The rules also stated that excessive absence from work ^ould 
constitute reason for discharge. The company had a contract with a labor union 
which provided for the arbitration of controversies which could not be settled 
directly by representatives of the company and the union. 

Although the company has attempted to deal fairly with its employees and to 
demonstrate an understanding of their problems, it has experienced considerable 
difficulty with the rule concerning absences. The difficulties arise because em- 
ployees present reasons which seem to them to justify prolonged or frequent 
absences. The company has found it difficult to make exceptions to the rule or to 
define the exact meaning of excessive absences. 

To cite some examples of the difficulties, Charles Wilson took a trip over the 
week end to a city forty miles away. He drank too many beers at a tavern, got 
into a fight, and was jailed on several counts including drunkenness in a public 
place, disturbing the peace, attacking another person, resisting arrest, and assault- 
ing an officer. Because he was unable to pay his fines, he spent thirty-five days in 
jail. He notified the company of the reason for his absence after the fifth day. 
The company notified him while he was still in jail that he was discharged, 
although the rules did not state that an employee would be discharged for being 
sent to jail. 

Howard Annis was required to be absent from work frequently because his 
mother was an invalid and his brother was a mental case. Both his mother and 
brother had spent considerable time in hospitals but had been sent home because 
of the expense. Over a period of a year, Howard had reported for work an 
average of only nine days each month. Although Howard always notified the 
fo&man in advance that he would not report for work, he was discharged for 
excessive absences. Howard’s personal file showed that he had been warned ten 
times that excessive absences constituted cause for discharge. 

Ralph Clayton, a stock handler in the storeroom, requested permission to be 
absent on Thursday and Friday because he wished to take part in the wedding of 
a high school friend. He needed the two days for rehearsals, a luncheon, and 
parties given by himself and others. His request was denied because he was 
needed for inventory taking. Since the plant would be closed until the inventory 
was completed, his services were considered to be necessary. He took Jhe time 
off 'anyway and was therefore discharged. * 

In all three of these cases, the arbitrators upheld the right o|, the company to 
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discharge the employee. In rendering the decision concerning Howard Annis, 
the arbitrator commented as follows: 

'The company cannot operate its plant without its employees, and it requires 
the services of a worker af each work station along the line. Regularity of at- 
tendance is necessary to the planning of the flow of work. While the company 
can provide some flexibility in its work schedules, the reassignment of work 
because of absentees increases costs and places serious burdens upon the foreman 
and the personnel manager. The interests of the company and the work force as 
a whole outweigh the desires and interests of one employee and may demand 
some sacrifice on his part." 

Although the company was upheld in these cases, the management knows that 
arbitrators do not follow precedent and that another arbitrator may render a 
different decision in another case that is similar. The personnel manager therefore 
requests the policy committee to consider the following questions: 

1. How many absences are required to constitute excessive absence? 

2. Does the period over which the employee is absent make any difference? 

3. Is the nature of the job a factor in the absences? 

4. When should warnings be given? To how many warnings is the employee 
entitled ? 

5. Is the company required to take any steps other than to issue a warning? 

6. Should the company request the co-operation of the union in correcting the 
practice of absenteeism, or is a notice to the union sufficient? 

Questions : 

1. Were the discharges justified? 

2. Should the company attempt to make its rule more definite? 


55. INCREASE IN LABOR TURNOVER 


When Alex Jones became personnel manager of the Heath Company, he was 
able to obtain the support of the president, Mr. Thomas Heath, in making a 
number of changes in personnel practices and policies. He developed a com- 
prehensive plan for improving relationships with people in the community by 
his speaking engagements, by holding open house on certain days when people 
could visit the plant, and by organizing a company basketball team. He checked 
the procedure for interviewing applicants for jobs to assure that interviewers 
were courteous and considerate. In many other ways, he attempted to improve 
the selection procedure and the method of inducting new employees to their jobs. 
In time, Mr. Jones organized various service activities for the convenience and 
comfort of employees. 

Mr. Jones began the tabulation of certain statistical information pertaining to 
the work force, and he regularly discussed with Mr. Heath certain of the statistical 
data. One series of such data pertained to labor turnover. An index of turnover 
was computed as follows: 


Labor turnover = 


(Number of separations -f Number of accessions 2 x 100 
Average number on the payroll 


The index was computed each month. The turnover rate usually fell between 
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5 and 6, whereas it had been about 10 before Mr. Jones came to the company. 

In his discussion of the turnover figure with Mr. Heath, Mr. Jones was careful 
not to take credit for the improvement. He pointed out that employee attitudes 
were affected by all of the methods of supervision, the physical and economic 
security of employees, and other factors. However, Mr. Jones was quite sure that 
Mr. Heath gave him credit for much of the improvement. 

Recently, Mr. Jones received the turnover figure from the clerk who computed 
it, and he was disturbed to learn that the figure had increased to 7.6. He began 
immediate investigation to determine the cause since he knew that Mr. Heath 
would expect an explanation. 

Questions: 

1. What are the possible causes for the increase in labor turnover? 

2. Is the index reliable as a measure of the success of personnel methods and 
policies? 



CHAPTER 


26 Employment 
of 

People 

T HE employment procedure was the first phase of personnel 
work to receive the attention of management, and it has increased in 
importance in recent years. Under present labor laws and strong union 
organization, a worker who is once employed soon achieves a claim up- 
on his job which makes it difficult for management to discharge him. 
The importance of employment procedures is increased also by the 
policy of promotion from within, since future executives may enter the 
service of the company by way of the employment office. 

SOURCES OF LABOR SUPPLY 

The development of sources of supply for applicants should be re- 
garded as the first step in the process of employee selection because the 
preference of one source instead of another results in the elimination of 
persons who are not available in the source that is developed. The em- 
ployment department is not interested in appealing to all possible appli- 
cants but prefers a group that represents partial selection. The larger 
the number of applicants the greater is the cost of selection in both 
money and time. The employment manager therefore begins his selec- 
tion by cultivating some sources and neglecting others. However, addi- 
tional sources may be utilized in busy seasons or in years of increasing 
production. 

Inside Sources. A position that is vacated by separation of an em- 
ployee is often supplied by transfer or promotion of another worker. 

471 
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Vacancies may also be filled by the employment of persons who form- 
erly held jobs with the company. Less risk is taken in employing such 
persons than would be involved in employing persons whose records 
are not known within the company. A closely related source is the 
recommendation of a person who is presently employed. This kind of 
recommendation may be dependable because the person now employed 
is familiar with the qualifications and the interests of the person being 
recommended and also with the working conditions within the com- 
pany. An employee might hesitate to recommend a person who will 
not succeed. 

Outside Sources. Many sources of employees are available outside 
the company. If the company has a reputation in the community as a 
good place to work, some qualified applicants may appear at trap em- 
ployment office or make application by mail without any effort oh the 
part of the employment department. Employment agencies may also be 
used to direct applicants to the company upon request of the employ- 
ment manager for workers possessing certain skills. Employment agen- 
cies are either public or private. Public agencies are supported by state 
or federal taxation. Private agencies charge a fee which is usually paid 
by the applicant. The reliability of employment agencies varies widely; 
some use discretion in the selection of the persons whom they recom- 
mend, while others are less careful. 

Representatives of the company who search for persons with desirable 
qualifications are used by many companies. Scouts frequently visit col- 
leges to solicit applications from graduates in chemistry, engineering, 
business administration, and other courses. However, the soliciting of 
the employees of other companies is regarded as unethical, unless it is 
done with the knowledge of the other employer. Labor pirating may 
result in retaliation to the detriment of both companies. 

Advertising for applicants by newspaper, radio, or television is a re- 
liable source for many types of workers, particularly in larger cities. 
Some employers use advertising only when other sources fail to supply 
enough applicants. Specialists in such fields as accounting, time study, 
costs, and budgeting may often be reached through trade and pro- 
fessional magazines. 

Requirements for Good Sources. Every employer must decide for 
himself which sources of applicants he should use at any particular time 
for the kinds of jobs and the conditions that prevail in his plant. The 
sources used should provide a sufficient number of applicants but not so 
many that the work of interviewing and selecting the qualified persons- 
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is too great. A source is unsatisfactory if too many persons that clearly 
are unqualified make application for employment. 

A company should use a source of labor supply that will enable it to 
employ people with suitable technical qualifications who will work for 
the wages paid, who will associate with the other workers on the job, 
and who will prove to be satisfactory. The employer should determine 
the number of applicants obtained from each source of supply, the 
number who are accepted for employment, and the number who are 
found by experience to possess the desired qualifications, 

METHODS OF SELECTING WORKERS 

When a worker is needed, the foreman may prepare a requisition for 
help. After the requisition has been approved by the division chief, it is 
sent to the personnel department. The employment section has on file 
the job descriptions and job specifications for the various jobs. The em- 
ployment section may also have on file an application from a qualified 
person. If so, that person is invited to call. For higher ranking jobs, 
some of the present employees may be available by transfer or promo- 
tion. If the job cannot be filled by a present employee or an applicant 
previously interviewed and investigated, it may be necessary to select a 
worker from those currently making application. 

Methods for selecting workers are not expected in every case to re- 
sult in the employment of applicants who will succeed and the rejection 
of those who would fail if employed. Employment methods cannot be 
expected to rank or to grade workers in a manner that would be pre- 
dictive of the degree of success. Employment methods can be considered 
to be good if they make possible the classification of applicants into 
three groups: those likely to succeed on the job, those likely to fail, and 
those whose success is doubtful. In the following paragraphs, some of 
the methods used in selecting employees will be described. 

Preliminary Interview. The preliminary interview is the initial greet- 
ing of the applicant by the receptionist together with a brief discussion 
of the purpose of his visit to the employment office. Its purpose is to 
find what type of job the person is seeking, to inform him whether such 
a position is available, and to instruct him to fill out an application 
Hank if that is the proper procedure. When no job suited to the appli- 
cant is open or in prospect, the applicant should be told that this is the 
case in order that he may save his time. This plan is desirable for both 
the applicant and the company. 
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Application Blank. The application blank should be filled out by the 
applicant. The information requested may be classified into four groups. 
Sothe information is designed to identify the applicant and to make it 
possible to communicate with him later. This information includes 
name, address, date and place of birth, telephone number, business ad- 
dress, social security number, and color of hair and eyes. Other infor- 
mation is designed to indicate the kind of job for which the applicant 
is suited and the prospects of success. This information is difficult to 
evaluate because it varies with the job and is in many cases a matter of 
opinion. The information of this type may include sex, height, tveight, 
citizenship, marital status, number of dependents, education, languages 
spoken, military record, physical disabilities sustained in service, nome- 
ownership, employment experience, and machines operated. Othe\ data 
requested on the application blank are desirable to enable the employ- 
ment section to verify statements made. This information consists of 
names and addresses of former employers and persons named as refer- 
ences. Finally, some information may be used by the personnel depart- 
ment to serve persons employed. The data include fraternity or lodge 
affiliation, athletics or sports activities, musical instruments played, and 
hobbies. Unless the applicant understands the purpose of such ques- 
tions, he may regard them as an intrusion. He may refuse to answer 
such personal questions as whether his wife works and whether he is a 
vegetarian. The applicant may also think it unfair to ask what was his 
salary in his last position and what is the lowest salary he would accept. 

The uses of the application blank are indicated in part by the infor- 
mation requested. The information may also be used as a basis for 
opening the interview, since the interviewer knows the name of the ap- 
plicant and something about his education and experience. It makes for 
a better interview by eliminating any necessity for recording personal 
data. If no suitable opening is available when the application is re- 
ceived, the blank may be filed for future reference. If the applicant is 
hired, the blank becomes a part of his permanent file. 

Letter of Application. Applications for positions, particularly those 
in the staff departments, are frequently received by mail. They supply 
personal information concerning the applicant and also afford some 
basis for judging his ability, unless the applicant had assistance in com- 
posing and writing the letter. Letters of application are necessarily 
supplemented by other methods of selection before the employment 
contract is completed. Their value is that they may indicate whether 
personal interviews, letters of recommendations, tests, and investigations 
are desirable. 
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Employment Interview. One purpose of the employment interview 
is to get information from the applicant. An attempt is made during the 
interview to reach an opinion as to the applicant’s general ability; his 
technical training and experience; his success in positions previously held; 
his physical defects, if any; his health; and other qualifications varying 
with the job and also the interviewer. The personal traits and the ex- 
perience of the applicant are compared with the job specifications or the 
man specifications which were previously established. The interviewer 
also attempts to determine whether the applicant would be able to 
make friends with the other workers and to become a good member 
of the organization. 

Another purpose of the employment interview is to inform the appli- 
cant concerning the job and the company. The interviewer should 
undertake to sell the job to the applicant but not to oversell it. He 
should point out both the desirable and the undesirable features. The 
applicant especially wants to know the rate of pay, the hours of work, 
the duties, the conditions of work, the possibilities of promotion, the 
probable duration of the job, the dates of paydays, accident hazards, 
uniforms or clothing required, and many other facts concerning employ- 
ment. However, the interviewer should not take time to inform the 
applicant if he decides that the applicant is not qualified. 

The information which the interviewer imparts to the applicant is 
obtained from statements of company policies, rules, and regulations 
and also from the job description. As explained earlier, the job de- 
scription shows what the worker does, why he does it, how he does it, 
and the working conditions under which the work is done. 

The interview is also intended to create a friendly attitude toward 
the company on the part of the applicant. A person who is to become an 
employee should receive favorable first impressions. In handling large 
numbers of applicants day after day, the interviewer sometimes forgets 
that each applicant approaches the employment office with anxiety and 
perhaps timidity. A rejected applicant should leave the employment office 
with the feeling that the management appreciates the worth of an indi- 
vidual and that the company would be a good place to work. This atti- 
tude is very desirable not only because persons seeking employment need 
sympathy, encouragement, or perhaps vocational guidance but also be- 
cause the n um ber of rejected persons residing in the community may, 
after a period of years, be large enough to affect the attitude of the 
public toward the company. By showing courtesy, sincerity, and a per- 
sonal interest in the applicant, the employment section can exert a strong 
influence upon the public relations of the company. 
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The interview may be conducted in an informal conversational man- 
ner. When this method is used the interviewer discusses the various 
features of the job and attempts to get the applicant to talk freely about 
himself. Without a fixed procedure, he lets the discussion follow a nat- 
ural course. Before the interview is ended, he undertakes to learn from 
the applicant any facts which have not been adequately considered. 

In another type of interview, which is called the aggressive or offen- 
sive interview, an attempt is made to put the applicant to a test to see 
how he will handle himself in a trying situation. For example, the in- 
terviewer may ask the applicant why he considers himself qualified for 
the position. He may constantly ask other questions which put the appli- 
cant on the defensive. This type of interview may fail to accomplish 
the three purposes previously stated. When the procedure followed in 
the employment office becomes generally known, the method will be- 
come ineffective for accomplishing whatever purpose was intended. 
This system is usually regarded as having little to recommend it. As 
Herbert Moore has said, the interviewer "should avoid being an authori- 
tative impertinent cross-examiner who puts the applicant on the de- 
fensive and prevents a natural expression of hopes and interests .” 1 

The interviewer may follow a fixed set of questions and record the 
answers as they are given by the applicant. This method is often used 
when no application blank is required of the applicant, and it is also used 
to obtain additional information not requested on the blank. The in- 
formation may be recorded during the interview or after the applicant 
has departed. However, , the usual patterned interview attempts to ob- 
tain so much detailed information that the record is necessarily made 
as the interview proceeds. 

The interviewer may evaluate or grade the applicant on the basis of 
the various qualities required, such as personal appearance, conversa- 
tional ability, enthusiasm, general knowledge, attitude toward the com- 
pany, and experience in the job for which the applicant is being con- 
sidered. The applicant may be rated separately on each trait, and the 
ratings may be recorded without averaging. Another method is to figure 
a total score for each applicant on the basis of the ratings assigned on 
each quality. A total score should be used with caution because a lour 
rating on one quality might in fact completely disqualify an applicant. 

Recommendations. Letters of recommendations are widely used but 
almost universally discounted. Their value is limited unless the person 

1 Herbert Moore, Psychology jot Business and Industry (New York: McGtew-Hill Book 
Co, Inc., 1939), p. 96. 
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writing the letter knows what qualifications are important for the posi- 
tion and can judge the kind of person who will succeed in it. Further- 
more, he is presumed to know the applicant well enough to speak of his 
qualifications and to be sufficiently honest to say what he believes. 
Letters of recommendation may fail on any one of these counts. The 
applicant may be expected to give as references the names of persons 
who will write favorable letters. 

The honesty and sincerity of the person making the recommendation 
may be affected by the circumstances under which he is asked to write. 
His recommendation may be assumed to be least frank if the letter is 
requested by the applicant and is given to him for forwarding to the 
employment officer. Such letters are of little or no value. The letter 
has more value if it is requested by the applicant but is sent directly to 
the employment officer. This type of letter is occasionally of some 
value. It should be judged by the faintness of praise given the appli- 
cant or the enthusiasm manifested by the writer. The recommendation 
has most value if the inquiry is received from the employment officer 
and a confidential reply is made directly to him. 

If an inquiry is made to persons whose names are given by the appli- 
cant as references, a form may be included which calls for answers to 
a number of questions. The form attempts to elicit information as to 
the experience, skill, and personal traits of the applicant. The questions 
asked might, for example, pertain to the type of work for which the 
applicant is qualified, his industriousness, his habits, his moral char- 
acter, and his integrity. Such an evaluation of an applicant may be use- 
ful in some cases, especially if the results are not entirely favorable. 

Personal Investigation. An investigation by the employment section 
may be made by personal visitation or by telephone. It is used to verify 
statements made on the application blank and during the interview. 
Personal investigations sometimes reveal dishonesty, excessive drinking, 
and other serious facts which would otherwise not be detected. Since the 
applicant may request his associates to tell only certain things concern- 
ing him, the scope should be broad enough to prevent collusion. Ques- 
tions which are asked should be of the type that cannot be answered by 
"Yes” or "No.” The investigator might ask, for example, what the 
mature of the responsibility of the applicant was or what programs he 
initiated or completed. 

Two objections may be made to the personal investigation. First, it is 
too costly to be generally used. Second, the wrong kind of questions 
asked of landlords or business associates may cause them to believe that 
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the applicant is suspected of wrongdoing. To avoid this danger, the 
questions should be worded with care; and the investigators should be 
trained to follow prescribed methods. 

Mental Tests. Mental or general intelligence tests have been the sub- 
ject of much controversy and much experimentation. While opinions 
differ, most authorities consider that the tests are of value, provided 
that they are carefully prepared and administered and that exclusive 
reliance is not placed upon them. The use of mental tests in employ- 
ment assumes, first, that intelligence is important for the job and, sec- 
ond, that the tests measure intelligence. As for the first assumption, a 
high degree of intelligence is not necessary for all jobs. In some types 
of work a person of lower mental capacity may be more satisfied and 
more willing to stay on the job than an ambitious, aggressive person of 
high mental capacity. Persons with low test scores should not be placed 
in jobs where they might cause great damage to materials or equipment 
or where they might cause themselves or fellow workers to be injured. 
If the tests measure intelligence, a distinction should be made between 
intellectual capacity and achievement, that is, between ability to learn 
and present experience, education, and training. An example of a short 
general intelligence test is given in Figure 49. 


GENERAL INTELLIGENCE TEST 
Check the one best answer to each of these questions 

1. A nose is to a man as a snout is to a: 

Dog Cat.... Pig.... Fish Bird.... 

2. Write a number after each word to show the order in which it 
should be used if a good sentence is to be made of all the words. 

embankment ( ) train ( ) down ( ) lost ( ) an ( > 
people ( ) lives ( ) rolled ( ) many ( ) the ( ) 
and ( ) their ( ) 

3. A place in which to eat begins with: 

m c i o.... f 

4. JJL. is to -p a as ^ is to: ^ q * 

5. If Anna had four times as much money as- Jean plus $8. she 
would have $24. How much money does Jean have? 

$4 $8.... $12.... $16.... $64.... 

6. A and B had a race. B had a start of 30 yards, but A ran 4 yards 
while B ran 3. A won by 40 yards. How long was the course? 

150.... 350.... 320.... 280.... 240.... 


FIG. 49. A Short Intelligence Test 

Designed by Donald E. Super for publication in Look magazine, Vol. X, No. 24 (1946), 
p. 55. Reproduced by permission of the author and editor. 
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A good test should meet certain requirements. The directions to the 
candidate should be clear and concise. If questions have varying weights, 
the weighting should be indicated. Separate instructions should be 
given to true-false, matching, completion, and multiple-choice questions. 
The test should require a minimum of writing. Each question should 
include only one basic point or idea, and only one correct answer for 
each question should be possible. Statements should be positive or con- 
tain single negatives. Double negatives should be avoided. The num- 
ber of questions should be large enough to reduce the possibility of 
chance scoring. Questions should be so difficult or so numerous that few 
or no persons will measure perfect. Few should make scores of zero. 
The range of grades should be as wide as possible to permit the ranking 
of the applicants. 

In giving the test, the examiner should endeavor to quiet the fears 
of the candidates, since the results may be affected by their nervousness. 
All should start and stop at the same time because the time required is 
important in the scoring. Interruptions during the test should be pre- 
vented, if possible. Grades should be assigned, and the candidates 
should be ranked. If the group is sufficiently large, the candidates 
should be classified into percentiles for purposes of comparison with 
other groups of persons taking the test. It is usually considered inad- 
visable to tell the people their rank on the test because they may attach 
too much significance to slight differences. If the applicants are a select 
group, as a result of eliminations at earlier steps in the employment 
procedure, the results of the tests may be misleading. Tests should not 
be given to executives. Such a procedure would likely result in criticism 
of the whole program by those who made low scores. 

Special Aptitude Tests. Numerous tests have been perfected to test 
special or particular ability which may be necessary to the performance 
of a specific task. Special aptitude tests usually require the use of espe- 
cially designed equipment or mechanical devices. Tests are available 
for measuring such capacities as space comprehension, distance judging, 
quickness of motor responses, ability to distinguish colors, and manual 
or finger dexterity. Some of them test abilities that may later decrease 
in effectiveness, such as tests of vision. Others test abilities that may be 
developed by training, such as manual dexterity or memory. When used 
in conjunction with other methods of selection, special aptitude tests 
have much value. 

Trade Tests. Trade tests, sometimes called "achievement tests,” at- 
tempt to measure the knowledge of a trade skill in performing certain 
types, of work at the time the tests are given. They are not intended to 
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determine the ability of the applicant to learn. One type of trade test 
consists of a list of questions which are asked orally by the examiner. 
The advantage of this type of test is that it eliminates the danger that 
the applicant will misunderstand the questions. Persons who are not 
accustomed to take written examinations may do best on the oral ex* 
animation. Care may be required in making the test standard. 

The trade test may include pictures of tools or parts which the appli- 
cant is asked to identify or explain. This type of test is practical and can 
be made as difficult as desired. The test may be unfair if the tools or 
machines used are of a different make or model from those wihich are 
familiar to the applicant. A short test is shown in Figure 50. 


MECHANICAL COMPREHENSION TEST 




Which one of the two rooms pic- Which pair of shears would do a 
tured above has a greater echo? better job cutting sheet metal? 




The boat is turning to the left. If gear at left turns clockwise. 
Which propellor rotates faster? which way does the pulley turn? 


FIG. 50. A Short Mechanical Comprehension Test 

A good type of trade test is the performance test, which requires the 
applicant to perform a small task which is similar to the job. This kind 
of test has been standardized, and the time allowed the applicant has 
been established by repeated use. Rules for scoring indicate the penal- 
ties for errors and omissions. Performance tests are usually expensive 
to design and administer. 

Situational Testing. Since the best test of an applicant would be 
experience on the job, an effort may be made in the employment pro* 
cedures to reproduce the working environment and to try out die appli- 
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cant under such conditions. On the technical aspects of the work, this 
procedure may be very successful. For example, the applicant may be 
asked to take dictation aqd to type a letter, to operate a machine, to use 
a micrometer, or to drive a truck. His reaction to various aspects of a 
working environment cannot be easily tested, but some such tests are 
possible. A bus company may place the applicant in the seat of a bus, 
flash motion pictures of traffic conditions on a screen in front of him, 
and record the speed of his reactions in using brakes, steering wheel, 
accelerator, or horn. An applicant for a sales position may be inter- 
viewed under trying conditions to see how he will respond. A prospec- 
tive supervisor may be required to direct two or more workers in per- 
forming simple tasks. Such tests must be carefully planned if they are 
to be worthwhile. 

Testing the Test. A test can be properly used for selection, place- 
ment or other purposes only if the test scores bear some relationship to 
subsequent performance on the job. Performance may be measured by 
any one of several criteria, such as quantity of work, quality of work, 
time required to reach standard performance, regularity of attendance, 
safety record, or ability to adapt to new situations. Inasmuch as a test 
is usually designed to measure a specific trait, the record on the job may 
be compared with the extent to which the employee is found to possess 
the trait tested. 

The relationship between the test scores and subsequent performance 


RANK ON 
TEST 


RIGGS 


RANK IN 
PRODUCTION 



RIGGS 1 




j RHOOES 


FORD 1 


PIG. 51. Simple Comparison of Score on Manual Dexterity Test with Production Record 
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may be measured statistically by the computation of the coefficient of 
correlation. However, a simple measure of the relationship may be 
made by ranking the employees by their test scores and ranking the same 
persons again by their performance on the job as determined by any 
one criterion. This kind of comparison is illustrated in Figure 51. This 
diagram shows a fairly close relationship, since a test may indicate no 
more than capacity to do rather than willingness to work or to co-oper- 
ate. A limitation of this type of comparison is that it cannot make 
allowance for the extent of differences in test scores or subsequent per- 
formance of the employees. ( 

Physical Examination. Physical examinations may be used for either 
the selection and rejection of applicants or their placement m work 
suited to their physical abilities. In hazardous industries, physical ex- 
aminations may be desirable in order that workers may be protected 
from injuries due to their inability to hear or see well or to do heavy 
lifting, or due to their susceptibility to certain diseases. To be effective, 
examinations should be given at regular intervals and not merely at the 
time of their initial employment. 

One purpose of the physical examination is to reduce employment 
and training costs by selecting workers who are qualified and who will 
profit from, the training. Accident rates may be reduced by the proper 
placement of new employees. Another purpose of the examination is 
to reduce illness and absenteeism and also claims for compensation due 
to illness or disease existing at the time of employment. Fellow workers 
and customers may be protected from exposure to infectious diseases. 

Physical examinations may be complete, or they may be limited in 
scope. They usually include tests of blood pressure, heart action, lungs, 
chest X ray, and eyes and ears; and they may include urinalysis. In a 
small plant the examination may be given by a local physician who is 
employed on a retainer basis. The examining physician may be asked 
to indicate whether the applicant can perform work that requires lifting, 
standing, walking, climbing, use of one or two hands, use of hands and 
feet, or exposure to dust, fumes, heat, noise, or moisture. 

Use of Selection Methods. Employers differ not only in the methods 
used in the selection of workers but also in the order in which the 
methods are used. Some applicants are rejected at each step in the 
employment procedure, and the steps that eliminate the greatest number 
of applicants should therefore be placed early. Another reason for early 
rejection of unqualified persons is that unqualified applicants should be 
informed .of their rejection as soon as possible in order that they may 
seek employment elsewhere. Another factor in the procedure is the time 
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required and the expense incurred. Cost considerations suggest that 
some tests might be deferred until many of the applicants have been 
rejected and fewer applicants remain to be tested. The employment pro- 
cedure therefore requires careful study by the personnel manager. 

INTRODUCING THE WORKER TO THE JOB 

The final step in the employment procedure is the introduction of the 
worker to the job. This phase should not be neglected, for many sepa- 
rations result from failure of the applicant to become adjusted to the 
new situation. One objective of the induction procedure is to make 
the new employee feel that he is a part of the company and that he be- 
longs to the group. It should also impart additional information con- 
cerning the company and the job. The induction procedure of one large 
employer provides that the applicant, after being employed, signs an 
employment card, payroll forms, and forms required by the government 
for purposes of social security and income tax deductions. He is next 
assigned a clock number and is given a temporary pass. He is instructed 
to return within two weeks for a permanent pass. The employment 
manager then gives an induction talk to a group of new employees. He 
gives the essential facts concerning company history, explains how the 
company started and how it expanded, discusses the policies of the com- 
pany toward its employees, and explains the position of the factory in 
relation to the entire organization of the company. At the conclusion of 
his talk, he gives each new employee a copy of the union contract and a 
safety booklet. At this same meeting, new employees are welcomed by 
the personnel manager, who endeavors to make them feel at home as a 
part of the organization. The employee is then taken to the department 
to work. He is introduced to the superintendent, who explains the work 
of the department and the safety rules. The foreman inducts him into 
the job, shows him the locker room, washroom, and other employee 
facilities, and tells him how to get tools and materials. The foreman 
also tells him what to do if he is injured, how his pay is figured, and 
what his hours of work and his lunch period are. 

The employee is then introduced to the timekeeper and shown how 
to punch the clock card. After he has been introduced to his fellow 
workers, he is given job instruction by the foreman and begins work. 

Later, the employment manager writes a letter to the worker at his 
home. The letter is to be read by all members of the family and is de- 
signed to gain their loyalty to the company. After two weeks, the em- 
ployee reports back to the employment section for his permanent pass, 
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At that time an effort is made to leam whether he has had any diffi- 
culties and whether he is in need of further assistance. Employee 
services not explained on the first day, such as dubs and recreation 
fadlities, are then discussed with the worker. 

EVALUATION OF SELECTION METHODS 

Although the reliability of any one method of employee selection 
cannot easily be determined, some information may be gained by de- 
termining the reasons why employees' aVe not retained by the company, 
why they quit, and why they cause trouble. For example, if new em- 
ployees lack technical skills, the need for additional or improved tests in 
this area may be indicated. If they are involved in a large percentage of 
the accidents, either the selection methods or the induction procedure 
might need revision. If new employees fail to make the necessary social 
and mental adjustments, the fault might be found in the employment 
interview, the investigation of previous experience of the applicant, or 
the test of social interests. Much opportunity for improving the selec- 
tion procedure may exist in any area. 

The usual experience indicates that employment methods are more 
reliable in measuring or estimating technical skills than in measuring 
character traits, social interests, and ability to make adjustments. Al- 
though the difficulties of employees may have developed after the appli- 
cants have passed through the employment office, the facts indicate that 
most employee failures are due to such weaknesses as problem drink- 
ing, emotional disturbances, mental illness, accident proneness, viola- 
tion of company rules and regulations, excessive absenteeism, vandal- 
ism, interpersonal frictions, and other manifestations of emotional 
difficulties. Weaknesses in character traits are most difficult to detect at 
the time of employment. Methods of detecting them and ways of avoid- 
ing such difficulties in employees will continue to require much study 
and research. 


QUESTIONS 

1. How can the employment manager know the qualities required for the 
various jobs throughout the plant? Can he get the necessary information from 
the job descriptions and the job specifications? 

2, It has been said that the purpose of the employment interview is to get 
information, to give information, and to make a friend. Explain the types of 
information to which reference is made and indicate how the interviewer may 
make a friend. 
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3. Should the personnel director have experience on the various jobs in the 
plant before he undertakes personnel work? Why or why not? 

4. The application blank frequently asks the applicant to list all of the jobs 
he has held since he left school and to give the reason for leaving in each case. 
Can he be expected to tell the truth if he has been discharged? 

5. It has been said that the employment procedure is satisfactory if it enables 
the management to classify the applicants into three groups: those likely to suc- 
ceed, those likely to fail, and an intermediate group whose possibilities are un- 
certain. Explain the limitations that cause the results of the procedure to be 
questionable. 

6. How should the employment interview be conducted for the proper ac- 
complishment of its purposes? 

7. "Letters of recommendation are sealed with a shrug and opened with a 
smile." Explain the meaning of this statement. Does it indicate that the letter 
of recommendation is without value? 

8. Before an applicant is offered a job, he may be taken to the place where 
he will work, introduced to the foreman, shown the machine or desk, and intro- 
duced to persons who work nearby. Why is this procedure desirable? 

9. Is the induction of a new worker principally the work of the personnel 
department, or is it the work of the foreman ? Do other workers play any part 
in the induction ? 

10. How can a company know whether or not its selection procedure is effec- 
tive and economical of the time of applicants and company personnel ? 

11. What does the applicant want to know about the company and the job 
before he is employed? 

12. One company always asks the applicant why he wants to work for the 
company. What would be a good answer to this question? What would be a 
poor answer? 


CASES 

56. THE WORKER AND THE UNION STEWARD 

For many years the Wilkins Company had managed its personnel activities 
through a personnel department without a union. The company had what it con- 
sidered a good program of personnel activities and services, and the management 
considered the morale of the work force to be high. However, a union representa- 
tive succeeded in obtaining the required number of signatures of employees 
favoring a vote on the question of establishing a local of the national union. 
When the vote was taken, 78 per cent of the workers voted for the establishment 
of a union. They also voted for requiring all employees to join within a period 
of 30 days after their employment. This provision applied to persons on the 
payroll at the time the union was established at the plant. 

One of the employees opposing unionization was Eva Meyer. Eva was well 
known to the personnel manager as well as the foreman because she had fre- 
quently become involved in difficulties with other workers. Her file in the office 
of die personnel department disclosed that she was 27 years of age. Her record 
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in high school was unusually good, and her family had intended to send her to 
college. However, her father, who was a member of the faculty of a small 
college, died when she was 16 years of age. Her mother obtained a position as 
a clerical worker with the idea of providing for the further education of Eva. 
Her health did not permit her to continue work, and Eva began a course in a 
secretarial school. Partly because of a dislike for the work and partly because of 
financial problems, Eva left the secretarial school to accept a job in a local manu- 
facturing plant. She had held three such jobs before she came to the Wilkins 
Company. 

Although Eva did good work, she was not popular with the other workers. 
When she first came with the company, the other girls had invited her, to parties 
and double dates. She always declined because she said she did not believe in 
mixing work and social activities. She tended to become more and more isolated 
from the social activities within the plant. She irritated the other girls py work- 
ing until quitting time while the other workers took a few minutes at thp end of 
the day to wash up and prepare to leave. By doing so, she earned the iy&me of 
"five o'clock special." The other girls suspected that she was an informer because 
she was seen talking with the foreman occasionally, and the foreman seemed to 
know a good many things about what was going on in the department. 

When the question of unionization came up for discussion, Eva talked against 
the proposal. She said the workers were getting more than a union could ever 
have obtained and that the workers had not been required to spend their money 
for initiation fees and dues to get plant services. She said the workers would 
just be throwing their money away for nothing and that a union would merely 
antagonize the management. She expressed her views to the workers, the fore- 
man, and the personnel manager. When the results of the voting were an- 
nounced, Eva expressed her indignation and contempt in words that were clearly 
understood, as she said, "How foolish can you be?" 

The business agent of the union, Solomon Golding, appointed Rosa Stein as 
the union steward in the department for the purpose of accepting applications 
for membership in the union and attending to other problems of organization. 
Rosa and Eva had previously had several encounters. Three weeks before the 
end of the period for signing up with the union, Rosa called upon Eva and 
handed her an application blank. Eva tore the blank into shreds, threw the pieces 
into Rosa’s face, and declared that she would never join the union. Later, Mr. 
Golding called upon her, told her that she would be required to join, and gave 
her another blank. He received a rebuff as Rosa had done. On the last day for 
joining the union, Eva stopped Rosa in the department and asked for an appli- 
cation blank. Rosa stated that she had used up all of the blanks and that Eva 
would be required to get one elsewhere if she could. 

The next morning, Rosa went into the personnel office and informed the 
director that Eva was fired. Furthermore, she said that she wanted to tell Eva 
herself and that she would tell her as soon as she reported for work. "She can 
report to the pay office and see about picking up her last check," Rosa said. The 
personnel director asked the reason for the outburst, and Rosa proceeded to tell 
him the whole story. When she had finished, the personnel director said that the 
union steward could not discharge a worker and that an) action required would 
be taken by himself. If Eva wanted to join the union and was prevented from 
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doing so on the last day because she was not given a blank, she could still join. 
If the union did not wish to accept her, the case would be referred to an arbitrator 
and the union would be expected to make up to her any wages lost while she 
was laid off. Rosa left the office, stating that she would take up the question 
with Mr. Golding. 

Required: 

Evaluate the issues raised by this case. 

57. EMPLOYMENT PROCEDURE 

The employment manager of the Haley Company considered his procedure for 
handling applicants for jobs to be unusually complete and reliable. When Azile 
Wilkins applied for a position as secretary to the plant engineer, she completed 
an application blank listing her personal history, her formal education, and her 
employment record. She held a high school diploma and had graduated from a 
local secretarial school. She had held four clerk-typist positions sinre she finished 
school. The reason given for leaving each position was increased pay in the new 
position. She was currently unemployed. Her record seemed to be quite fa- 
vorable. 

The personal data showed that Azile was 22 years of age and unmarried. She 
lived alone in an efficiency apartment in a good neighborhood. She paid $60 a 
month rent. She had lived at this address for three months. The apartment 
building was about a mile from the plant. Bus service to the plant was direct, 
requiring no transfers. Her mother and father were divorced and her mother 
had remarried. 

Azile was interviewed by a woman interviewer who filled out a personal evalu- 
ation sheet. She was rated high on personal appearance, neatness of dress, ability 
to express herself, initiative, mental alertness, and attitude toward other people. 
The interviewer dictated two paragraphs of a test for typists. Azile took down 
the dictation in shorthand and then neatly typed the material in good time with 
only two errors. 

Azile was referred to the plant engineer for a personal interview. She made 
a favorable impression upon him. Before she was hired, the employment man- 
ager called her former employers. He received the information in each case that 
Azile had left to make more money elsewhere. Three days after the interview, 
Azile was informed by telephone that she would be offered the position, and she 
reported for work the next day. 

Azile’s performance as personal secretary seemed to be entirely satisfactory. The 
letters and reports were neatly typed, she kept up to date on all of the work of 
the office, and she attended to all the office details, such as keeping the office 
calendar, answering the telephone, filing correspondence, sharpening pencils for 
the engineer each morning, and interviewing callers. She was liked by other 
girls employed by the company. 

After Azile had been in the office about three weeks, the plant engineer 
noticed that she was taking a great deal of interest in the drawings for a new type 
of engine on which the engineer was working. On one occasion, he reprimanded 
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her for listening on the extension telephone while he was discussing the plans 
with the production manager. Later, he observed her putting a manila envelope 
in the top drawer of her desk. As she started to leave the office, he saw her put 
the envelope in the large purse which she always carried on the street. He in- 
quired about the envelope; and when she seemed evasive, he required her to open 
the envelope, which was found to contain the drawings for die engine. Azile 
admitted that she had arranged to lend the plans to a competitor company, who 
would permit her to return them the next morning. 

Under questioning, Azile admitted that she desperately needed money. She 
was behind with her rent and with installment payments on furniture, the tele- 
vision set, and her winter coat. Creditors were on the point of repossessing 
almost everything in her apartment, including her wardrobe. ] 

Questions: 

1. In what respects was the employment procedure inadequate? 

2. What should be done about Azile? 



CHAPTER 


27 Changes 
in the 

Work Force 

ChANGES in the composition of the work force result 
from many developments, some of which have been considered in pre- 
ceding pages. Transfers and layoffs may be caused by the installation 
of new machines, which was considered in Chapter 10. Workers may 
leave their jobs for any one of several reasons, including dissatis- 
faction with working conditions, hours of work, methods of super- 
vision, production standards, wage rates, and other aspects of manage- 
ment which have been discussed. In some cases, management is re- 
quired to lay off workers because it has been unable to stabilize pro- 
duction and employment. This problem will be considered in later 
chapters. Changes in the work force also result from retirement, which 
will be briefly treated in Chapter 29. In the present chapter, attention 
will be directed to some of the problems that arise in connection with 
transfer, promotion, demotion, layoff, and discharge. 

TRANSFER OF WORKERS 

Transfers may be made from one job to another or from one depart- 
ment to another. One reason for transfer is an expansion in the volume 
of business of one department accompanied by a decline in another. 
Seasonal variations require similar short-time transfers. For example, a 
department store may transfer salespeople from the millinery department 
to books or porch furniture to meet changes in seasonal demand. Trans- 
fers may also be made to enable workers to leave blind-alley jobs or de- 
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partments whose promotional opportunities are limited. For purposes 
o£ training executives, some employees may be transferred from one de- 
partment to another in order that they may receive experience in many 
different kinds of work. Workers who have completed training pro- 
grams may be transferred to give them opportunities to use their train- 
ing. Transfers are also advantageous if the worker dislikes the duties 
of his present job. For example, a clerical worker may prefer shop- 
work, or a machine tender might prefer a bench job. A transfer of a 
worker who has been unable to co-operate with his foreman or his asso- 
ciates is more difficult to justify. Occasipnally, transfer affords /the best 
permanent solution of personal difficulties. I 

Transfer usually provides opportunity to the worker to increase his 
pay or to advance within the organization, although this is nor, neces- 
sarily the result. A worker who is transferred because his job ha? been 
dispensed with as a result of the introduction of laborsaving machines 
or a change in the design of the product or the introduction of new 
methods of production may be given a job with a lower rating or a 
tighter standard. In that case the transfer may result in lower earnings. 
This situation is frequently the subject of a clause in the union contract 
which may provide that employees shall not be subject to reduction in 
rates because of a transfer from one classification to another, except by 
mutual agreement between the company and the shop committee of the 
union. A clause which is somewhat more favorable to management 
permits the union to challenge the reduction in pay and to present the 
matter to an appropriate committee. 

PROMOTION, DEMOTION, AND LAYOFF 

In the minds of some persons, promotion means an increase in. au- 
thority over persons or the expenditure of money and perhaps a change 
in title. It may also mean an increase in wages or salary on the present 
job. The worker may consider that he has been promoted if he is given 
a higher rated job or is transferred to a location Tarrying greater prestige 
or less exposure to undesirable working conditions. The social prestige 
of an incumbent may be increased by the granting of special privileges 
or exemptions, such as a special place to park his car, or exemption 
from the requirement to punch the time clock. 

Every person wants promotion, provided it means only increased pay, 
greater prestige, or better working conditions. Many workers do not 
want increased responsibility or greater authority in the making of 
decisions. Their reasons are that responsibility means care and perhaps 
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worry and that such a promotion carries with it the possibility of failure. 

Another reason that a person might not want a promotion is that it 
might mean a transfer to a night shift or other odd shift. Even though 
such a job carries an increase in pay, the pay differential might not be 
sufficient to compensate for the inconvenience. A transfer which also 
represents an advancement may increase the risk of being laid off be- 
cause the person holding the next higher job in the chain of promotion 
may be able to take the lower paid job in case of a cutback in the labor 
force. For the same reason, workers have sometimes attempted to take 
their jobs out of the chain of promotion and to make them into blind- 
alley jobs. 

The Promotion Chart. Every worker should know the directions in 
which he may be transferred or promoted. If his present position offers 



FIG. 52. Promotion Chart for Technician in Telephone Company 

(PBX means Public Branch Exchange. Lines of promotion are solid. Lines of transfer 
are broken.) Chart by courtesy of George O. Clark of the Chesapeake and Potomac Tele- 
phone Co. 
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a chance of promotion only by transfer, the worker should know what 
the situation is. Blind-alley jobs may include those of office boy, mail 
clerk, telephone operator, elevator operator, doorman, and some steno- 
graphic jobs. Mr. and Mrs. Gilbreth recommended that a promotion 
chart be prepared for each job showing all possible directions of devel- 
opment and promotion. This chart, which they called "the glory char t,” 
was to be made a part of the personnel record of the worker. It was to 
be shown to him at regular periods of counseling, when his work was 
reviewed with him and vocational guidance was given. 1 The promotion 
chart does not make provision for advances due to oflf-the-jobj training. 
For example, a stenographer might become a cost accounting clerk or 
a production control clerk as a result of the completion of special train- 
ing courses. \ 

A promotion chart for a technician in a telephone company is\shown 
in Figure 52. This chart shows that if a person starts as a lineman, he 
may transfer to the position of installer repairman, frame man, or cable 
splicer’s helper as indicated by the broken lines. If he makes the trans- 
fer after he has been advanced in pay as a lineman, he may transfer 
at approximately the same wage rate as his pay as lineman. This rela- 
tionship is indicated by the horizontal broken lines in the middle of the 
chart. The top pay for each job in relation to the pay of the other jobs 
is indicated by the distances from the top rectangles to the base of the 
chart. 

Basis of Promotion. The reasons for promoting a worker are many. 
An increase in pay may be awarded for performance on the present job 
or after a specified number of months of satisfactory experience. Salary 
advances may also be based upon age or the completion of a training 
program. Promotion to a position requiring greater responsibility for 
machinery or materials or the supervision of the work of others should 
be made on the basis of the qualifications of the person for the in- 
creased responsibility. 

The union is interested in the promotion of employees because the 
management might discriminate against uniorr members or union offi- 
cials in promotions. An employee who thought that union activity 
would close the door to his advancement with the company would have 
little interest in working for the union, since the union offers a career 
to very few persons. The union, therefore, often insists that wage rates 
be subject to review by a board composed of representatives of the com- 
pany and the union or that union approval be required for all promo- 

* F. B. Gilbreth and L. M. Gilbreth, 'The Three Position Plan of Promotion," Annals of 
the American Academy of Political and Social Science, Vol. LXV (1916), pp. 289-96. 
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tions to supervisory positions. Another provision that has been incorpo- 
rated in some union contracts is that no person can be promoted to a 
supervisory position unless he is in good standing with the union when 
the promotion is made. 

Merit Rating in Promotion. A company may regularly rate its em- 
ployees for merit as a basis for promotion and also for deciding upon 
transfers, determining the need for training programs, evaluating the 
results of training, and counseling with employees. The rating of em- 
ployees may be designed to evaluate the ability of the person to learn, 
to adapt himself to changing conditions and duties, or otherwise to 
render a satisfactory performance. A rating of this kind could provide 
information that would be useful in determining whether a person 
should be promoted to a position of greater authority and responsibility. 


ABILITY 

HOW WELL IS EM- 
PLOYEE QUALIFIED 
FOR THE JOB? Con- 
sider knowledge and 
understanding of the 
work, skill, judgment, 
capacity to learn, follow 
instructions and accept 
responsibility. 


EXCELLENT 
Outstanding. 
Far above av- 
erage. Little 
improvement 
could be ex- 
pected. 


GOOD 

Not outstand- 
ing, but entirely 
satisfactory. 
From average 
to above aver- 
age. 


FAIR 

Barely satisfac- 
tory. Below av- 
erage. Consider- 
able need for 
improvement. 


POOR 

U n s a tisfactory. 
Far below av- 
erage. Not up 
to minimum re- 
quirements. 


□ □ □ □ □ □ □ 


EFFICIENCY 
HOW WELL DOES 
THE EMPLOYEE 
PRODUCE ? Consider 
quality and quantity of 
work, care of equipment 
and supplies. 

PERSONAL 
QUALIFICATIONS 
HOW WELL DOES 
THE EMPLOYEE CO- 
OPERATE ? Consider 
conduct and tempera- 
ment, ability to get 
along with others, will- 
ingness and dependabil- 
ity- 

PHYSICAL 
QUALIFICATIONS 
HOW WELL IS THE 
EMPLOYEE QUALI- 
FIED PHYSICALLY 
FOR THE JOB? Con- 
sider health, physical 
handicaps and lost time. 


□ □ □ □ □ □ □ 


□ □ □ □ □ □ □ 


□ □ □ □ □ □ □ 


Courttsy of Caterpillar Tractor Co • 


FIG. 53. Hating of Performance on Present Job 
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On the other hand, the rating might be designed to evaluate the success 
of the person in performing the duties of his present position. His rat- 
ing under such a plan might indicate that he should have an increase in 
wages or a promotion to a higher grade or rank. It might not indicate 
whether he would be successful in a higher position in which the require- 
ments would be different. A rating sheet that provides an evaluation of 
performance on the present job is shown in Figure 53. 

Merit ratings are usually made by more than one person. Shop em- 
ployees may be rated by a committee composed of the foreman^, the per- 
sonnel director, and the division chief.' fn order that ratings ini different 
departments may be consistent and fair, the raters should be mined in 
the methods and the purposes of the plan. If raters are not trained, fore- 
men will not rate their employees on the same basis. 

A merit-rating system is no better than the raters make it, for it is a 
method whereby one person or a few people rate other people. Certain 
pitfalls should be pointed out to the raters in order that they may be 
avoided. One of the dangers is the halo effect, which means the ten- 
dency to give a person a high rating on all traits because he has received 
a high rating on some qualities. One way to minimize the halo effect is 
to rate all employees on one trait before proceeding to the next. 

Central tendency is the practice of giving an employee the middle 
rating regardless of his merits. A possible reason for this tendency is 
that the rater fears criticism from the employer or from his own super- 
visor. The central tendency may be minimized by using an even number 
of degrees for a trait, such as four or six. 

Another possible danger is leniency. A rater who knows the personal 
difficulties of an employee may assign a high rating because of sym- 
pathy. The use of a rating committee of two or three persons is. de- 
signed to correct this tendency. The construction of the rating scale may 
also discourage the tendency toward leniency. This is accomplished by 
reversing the scale for each successive trait. On the first trait, for ex- 
ample, the highest rating may be indicated at the extreme right; and on 
the second, the highest rating may be indicated at the left. This ar- 
rangement of the scale also minimizes the halo effect. 

The possibilities of racial or other bias' should be recognized. There 
is also the possibility that, in an effort to be fair, the rater may be un- 
necessarily harsh with his friends and lenient with persons against 
.jyyhom he might be biased. These dangers can be minimized by the tram- 
ming of raters. 

New employees may be rated at the end of sixty days of service. 
Other employees may be rated once every three months, once every six 
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months, or once a year. Some companies rate at irregular intervals. Rat* 
ings are subject to review by the plant superintendent or other executive 
in case they are challenged by the worker or the union. 

A plan for employee rating cannot be expected to eliminate all dis- 
satisfaction. It is humanly devised and administered for the rating of 
human beings, and it is subject to human limitations. As Gardner and 
Moore say, merit systems "do not seem to work quite according to 
theory. 2 One difficulty is that the management does not always include 
in the rating scale those things for which it is willing to pay. If an em- 
ployee’s production record is low, the company may be unwilling to in- 
crease his pay merely because he is given a high rating on co-operative- 
ness, dependability, or other such traits. Earnings are also limited by the 
evaluation of the job, and consistent effort on the part of an employee 
to improve his rating will not bring an increase in pay if he has reached 
the maximum for his job. Pay raises are affected by economic condi- 
tions, the general trend of wages, and the cost of living. The number of 
pay raises that a foreman may get for his men is determined in part by 
his budget. If he asks for too many increases, his supervisors may be 
inclined to charge him with leniency in making the ratings. Another 
limitation is that workers whose ratings are lowered seldom receive re- 
ductions in their pay. Pay cuts are so serious to the affected workers that 
the business may fare better when employees whose ratings are poor are 
paid at their established rates of pay, unless they are transferred to 
lower rated jobs. 

Employees or executives should not be promoted to positions of 
higher rank merely because they are well qualified for their present 
positions and have received high ratings for performance. Promotions 
in rank advance people to positions with different duties which require 
different traits or qualities. To be qualified for promotion, the employee 
or executive should possess the traits required by the new position. 
The same statement applies to transfers. 

Seniority Rights. Seniority may be a recognized factor in promotions, 
wage increases, discharges, layoffs, rehiring, preferences as to shifts, and 
preference in the scheduling of vacations. Management usually objects 
to making promotions on the basis of seniority because the oldest worker 
may not be the best one and may not have the personal qualities neces- 
sary for the higher position. Persons who would make good executives 
may be unw illin g to start at the bottom of the organization and to wait 
for vacancies, as they would be required to do if positions were always 

* Burleigh B. Gardner and David G. Moore, Human Relations in Industry (3d ed. ; Home- 
wood, III.: Richard D. Irwin, Inc., 1955), p. 190. 
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filled by promoting the person with the longest service. To prevent dis- 
crimination against union members, the union may ask that seniority 
be one factor in promotions. This objective may be accomplished by a 
provision that representatives of the union and the company will agree 
upon six persons who are qualified for promotion and that the man in 
the group who has the greatest length of service will be promoted. 
Even this provision is objectionable to management, which considers the 
making of promotions to be its own prerogative. 

The principal seniority rights are the right to the job in case the work 
force must be reduced and the right 'to' be taken back first when the 
work force is increased. In other words, layoffs are in the reverse order 
of seniority, with the workers most recently hired laid off firsthand re- 
hiring is in the order of seniority, with the workers of longest\service 
rehired first. The right of workers who have seniority to chodpe the 
shifts they prefer may result in putting newly employed workers on 
night, Sunday, or holiday work. This provision makes many kinds of 
work unattractive to young women. If they refuse certain kinds of work 
or night and Sunday shifts, they may not acquire the seniority which 
would give them the right to ask for more desirable jobs or shifts. 

Even though the management policy as to seniority has been estab- 
lished, there remain several questions concerning the acquisition and 
termination of seniority rights. To have seniority, it is generally agreed 
that the term of service should be unbroken. When the worker quits or 
is fired, he loses his seniority and must again start at the bottom if he 
is re-employed. Workers who are temporarily laid off or go on strike do 
not lose their seniority, but such time does not count in figuring months 
of service. A worker who is called back after being laid off and who 
fails to return within a specified number of days usually loses his sen- 
iority rights. Continued absence may also cause a loss of such rights. 

The strict observance of seniority as a basis for laying off and re- 
hiring workers has significant effects for the worker, the employer, and 
the community. The seniority rule discourages . the movement of work- 
ers from one company to another or from one place to another. Persons 
who have been laid off are inclined to remain in the community in the 
hope that they may soon be rehired. The effect is to increase the labor 
reserve in the industry and to decrease the effectiveness of the total labor 
force. 

The number of men who are affected by technological change is in- 
creased. A worker whose job is dispensed with because of technological 
change takes the job of a junior employee who in turn takes the job of 
a worker with less service. Without seniority rights, only the worker 



CHANGES IN THE WORK FORCE 


497 


who is no longer needed would be affected. The effect of seniority rights 
is to increase the opposition to technological change. This situation 
creates management problems because the shifting of workers tends to 
impair morale, increase uncertainty, lower production, and increase the 
interest of workers in make-work practices. The pressure for the recogni- 
tion of seniority rights comes largely from the union, and the question 
of how seniority will be recognized is one of the major concerns of the 
union. 

Observance of seniority rights makes discharge a severe penalty be- 
cause the discharged worker must start at the bottom of the seniority 
scale with another company. Seniority rights prolong the working life 
of the worker because older workers are retained when the force is re- 
duced. Workers are less willing to strike if they think that seniority 
rights may be threatened. 

Pension plans receive wider support because workers are more in- 
clined to remain with one company long enough to earn participation 
rights. Men having seniority are encouraged to join the union in order 
to protect their rights. 

Demotion. Demotions should be avoided because of the effect upon 
the individual. The person who has been advanced in rank or status and 
then put back in his former position is likely to be dissatisfied with him- 
self and his employer. The necessity for demotion may be avoided by 
advancing on a temporary basis a person being considered for promo- 
tion. He may be promoted for a trial period during the absence of the 
regular incumbent because of illness, vacation, or other reasons. 

Failure to receive a promotion which was expected or believed to be 
merited may have as serious an effect upon a person as a demotion. A 
change which is generally regarded by the associates or subordinates as 
a decrease in authority also has the same effect as a demotion, even 
though an announcement is made that the change is only a reorganiza- 
tion. For example, the shifting of a division or an activity from the au- 
thority of one executive to another or the placing of office workers in the 
same building as shopworkers whose jobs are regarded as inferior in 
status may be regarded as a demotion, even though no changes are made 
in Tates of pay. 

The person who has been demoted is likely to lose interest in his 
work and may ultimately be lost to the company. If the worker can find 
another job with similar rates of pay and wording conditions, he is likely 
to leave. If he remains with the employer, he may cause trouble by 
creating dissatisfaction among the other workers, violating company 
rules when he considers it safe to do so, absenting himself from work 
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when he feels like it, filing charges of discrimination with the union 
steward, and possibly increasing his participation in union activities in 
order that he may build up his self-confidence and overcome his feelings 
of frustration. 

Layoffs. A decrease in the amount of work available may require 
the laying off of a number of the workers or a reduction in the hours 
per week of all of the workers. The plan to be followed may be left 
entirely to the employer, or an agreement may be included in the union 
contract. Some unions prefer not to assume responsibility for the de- 
cision, since the efficient workers or the workers having seniority may 
consider a spreading of the work unfair to them, while oldeA less effi- 
cient workers may regard a spreading of the work as a fairer solution. 
Unions that wish to have a voice in the decision contend that if the 
decision is left to the foreman, he may play favorites; that the men may 
be required to be subservient in order to hold their jobs; and that control 
by the union is necessary to prevent the workers from speeding up in 
order to justify their retention. A union contract may make provision 
similar to the following: 

When a decrease in the force is necessary because of lack of work, the em- 
ployees hired during the last 6 months (or year) shall be laid off. If further 
reduction is necessary, the hours of work shall be reduced but they shall not be 
less than 35 hours per week. When further reduction is necessary, employees 
hired during the last two years shall be laid off. When further reduction is 
necessary, the hours of work shall be reduced but they shall not be less than 30 
hours per week. 

The agreement may make provision for further reduction in the work 
force or for further reduction in the number of hours per week. 

When the reduction in amount of work is temporary, a spreading of 
the work may be preferable in order to avoid throwing the full cost of 
reduction upon a part of the force. This arrangement enables the em- 
ployer to hold his men, although it creates some problems in scheduling 
hours. In a declining industry, spreading the work does not solve the 
problem but encourages workers to retain their jobs at a time when they 
should seek full-time employment elsewhere. It causes a reduction in 
the weekly pay and lowers the standard of living of the workers and 
their families. 

The company may seek in various ways to lighten the effects of neces- 
sary layoffs. One plan wbuld provide for spreading the layoffs over a 
period of weeks in order that large groups of workers will not be look- 
ing for jobs at the same time. The industrial relations department may 
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attempt to find openings for workers in other plants in the area or other 
plants in the same industry within a larger radius. It may also ask the 
assistance of public employment services or other outside agencies. 
Where this plan is followed, each suggestion is passed along to work- 
ers even though only one vacancy may have been reported . 8 

DISCHARGE 

The dismissal of some workers is inevitable regardless of the care 
exercised in employment and supervision. Discharge should be used as 
a last resort after all other procedures have been exhausted. Positive 
action to prevent the necessity for discharge is a duty of management 
to both the employee and the community. 

Attitude of the Union. The union recognizes the right of manage- 
ment to discharge workers for cause. This right is necessary for the 
security of management, for, unless management can dismiss undesir- 
able workers, the company may eventually cease to operate efficiently. 
During a specified probationary period, which may be six months, man- 
agement has an unlimited right to discharge. The firing of an employee 
during that period cannot be made the subject of a grievance under the 
union contract. This provision is desirable, since management should 
not have to justify the discharge of every probationary employee. After 
the agreed period, management retains the sole responsibility for dis- 
charges ; but union members cannot be discriminated against because of 
their union affiliation. 

Reasons for Discharge. Company rules and regulations usually 
specify the situations or acts of employees that constitute reasons for 
discharge. Two general causes are incompetence and social maladjust- 
ment. Incompetence includes lack of trade skill or knowledge, inability 
to meet production standards, excessive spoilage, poor quality of work, 
and physical limitations. Discharge for incompetence requires justifica- 
tion because management is presumed to have determined during the 
probationary period that the worker was competent. 

Social maladjustment is the more common cause for discharge. The 
reason probably lies in the fact that employment techniques are more 
likely to detect the lack of technical skill than the lack of the necessary 
social or personal qualifications. Personal causes of discharge include 
assault on a supervisor or a fellow employe^, general insubordination, 
continued violation of rules regardless of warnings, drinking liquor on 

* "Relocation Plan Eases Layoff Shock," Factory Management and Maintenance, Vol. 
CXVI, No. 1 (1958), p. 87. 
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the premises, theft of property of the company or fellow employees, 
habitual lateness or absenteeism, troublemaking or downing, accidents 
due to carelessness, and laziness or loafing on the job. 

Company Rules Concerning Discharge. The company rules pertain- 
ing to discharge, as well as other rules, constitute a private system of 
control over the worker while he is on company property. Like any 
other set of regulations, the rules should be made known to the work- 
ers, and they should be fair and reasonable. The penalties for minor 
offenses should be less severe than penalties for more serious offenses. 
If an employee continues to commit the same offense after hd has been 
warned or given some minor penalty, more severe penalties may be 
imposed. The company should not play favorites in assessing penalties, 
although mitigating circumstances may be considered. \ 

Proof of Violation. In cases of alleged violations of the niles, the 
burden of proof rests upon the employer, who should be able to present 
clear and convincing proof that the employee was guilty of the alleged 
offense. Usually, the company cannot justify discharge by the accusation 
or statement of an employee unless other evidence can be produced. 
However, circumstantial evidence may constitute justification for the 
imposition of penalties as it does under the law of the state . 4 The record 
of the employee with the company may be used to support the charge 
that is made against him if proof can be offered to show that his record 
has been unsatisfactory. The personnel record of the employee may 
contain such data as the following: 

Copy of warnings sent to the worker by the foreman, or memorandum of any 
conference with him at which he was warned. 

Memorandum of attempt made by the foreman to help the worker correct his 
deficiencies. 

Records of production, rejects, absences, tardiness. 

Records of merit ratings of the worker and reports of conferences for discussion 
of how his rating might be improved. 

Copy of letter notifying him of his discharge. The letter should state the 
reason for the discharge. 

Report of physical examinations and results of aptitude or other tests. 

The Preclearance Interview. Every worker who leaves or js dis- 
charged should be interviewed by a representative of the personnel 
department. Some companies send the worker’s last pay check to the de- 
partment and notify him t» call there for it. It has also been found to 

* "Tips to Successful Discipline," Factory Management and Maintenance, Vol. C3CVT, 
No. 6 (1958), pp. 79-87. 
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be good practice for the man who interviewed him at the time of em- 
ployment to conduct the exit interview. In the case of workers who 
quit, the preclearance interview is designed to get information on the 
causes for leaving. These data may assist in correcting undesirable shop 
conditions and in improving employment and training methods. In 
some cases the interviewer may be able to induce the worker to remain 
and to save the investment which the company has made in him through 
the employment, induction, and training procedure. An exit interview 
may also serve to prevent hasty decisions by the foreman. The foreman 
may be called in case the worker has had difficulties or misunderstand- 
ings with him. The difficulty may be corrected by changing the worker 
to another shift, improving work conditions, or removing an accident 
hazard. If the worker decides to stay, the foreman is put on notice that 
he has some responsibility to the worker. The interview may help to 
maintain the good will of employees and the public. It affords an oppor- 
tunity to explain the regulations of the company which are misunder- 
stood. Some departing employees may be given assistance in finding 
positions elsewhere in case a worker is leaving the city, or possibly in 
overcoming personal difficulties. 

Report of Termination. The personnel department attends to the 
various details pertaining to the termination of employment. To make 
certain that no necessary action is omitted, it may prepare a termination 
report on which the various steps are checked. This report would show 
that the following details had been completed: 

Company pass returned. 

Union notified. 

Group insurance canceled. 

Deductions for social security, income tax, and union dues verified. 

Company store notified, bills paid. 

Personnel record posted. 

Addressograph department notified. 

INDEX OF CHANGES 

Changes in the work force are usually measured by indexes of labor 
£uinj0Ver. An index of total turnover may be computed as follows: 

. Add the accessions and the separations. 

Divide the total by two. 

Divide by the number of workers at the end of die period. 

Multiply by 100. 
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An index computed in this manner reflects both accessions and separa- 
tions. No distortion results if persons who leave are replaced by other 
workers. The index may be misleading if the total number of workers 
is increasing because the volume of production and employment is ex- 
panding, or the total is decreasing because the volume of production is 
declining. Separate indexes are therefore computed for accessions and 
separations. 

Indexes of Accession. Accessions are caused principally by two de- 
velopments, replacements for people who leave and additions to the 
work force. Separate indexes may be computed to show the effect of 
each set of changes. A replacement rate would be computed by (dividing 
the number of persons hired as replacements by the average number of 
workers and multiplying the result by 100. The index indicates the 
number of persons hired as replacements for each 100 persons'in the 
work force. An index of the expansion of the work force may b^ com- 
puted by dividing the number of new hirings by the average number 
on the payroll and multiplying by 100. The replacement index plus 
the index of expansion would indicate the total accession rate. 

Indexes of Separation. Separations are caused by quits, discharges, 
layoffs because of declining production, and miscellaneous causes. 
Separate indexes may be computed by dividing the number of separa- 
tions for each cause by the average number of persons on the payroll 
and multiplying by 100. The sum of the four indexes would indicate 
the separation rate for all causes. The quit rate and the discharge rate 
are the most significant indexes of changes in the work force. 

Using Turnover Rates. The indexes of changes in the work force 
require further analysis before management can determine their signifi- 
cance. The changes never occur equally in all departments or jobs. In 
some departments, the work force may be relatively stable while fre- 
quent changes are occurring elsewhere. The turnover may be greatest 
among younger workers, women workers, workers on odd shifts, or 
other groups. Research may be necessary to determine causes and 
corrective measures. 


QUESTIONS 

1. What costs or expenses are incurred as a result of labor turnover? Are 
these expenses the result principally of separations or accessions? 

2. Are expenses increased by transfers? Explain. 

3. Should a company post notices of vacancies in order that workers now with 
the company may apply for transfer? Why might the company prefer not to 
publish notices of vacancies? 
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4. Distinguish between a promotion and a transfer. 

5* Why are definite rules necessary with regard to the beginning and the 
termination of seniority? Explain the nature of such provisions. 

6. Distinguish between a" rule and a policy. Illustrate. 

7. Why may the recognition of the rights of the worker as a result of seniority 
benefit the employer as well as the worker ? 

8. Social maladjustment is a more common cause of discharge than incompe- 
tence. How may this difference be explained? 

9. If a company is unable to provide full employment for all workers, would 
the management prefer to lay off some workers and provide full employment for 
others, or would it prefer to spread the work? Would the nature of the manu- 
facturing processes affect the decision? What difficulties of scheduling might 
arise ? 

10. Has the worker been demoted if his job is abolished as a result of mech- 
anization and the worker is given other work at lower pay? 

11. Why would the management prefer not to demote a person? 

12. Executives are usually asked to resign; they are seldom fired. What is 
the difference? 

13. How do seniority rights affect the utilization of the work force and the 
earnings of the entire body of workers? 

14. What objections might be made to the use of a promotion chart for every 
job? 

15. How would executive development programs for college graduates affect 
the chances of promotion of persons who have attempted to work up within the 
organization? What problems are created by the use of such programs? 


CASES 

58. SENIORITY RIGHTS OF A TOOL CRIB ATTENDANT 

The machine shop foreman at the Rexford Company found that work had 
fallen behind schedule and that some men in the department would need to work 
overtime for three hours to assure delivery of the product at the scheduled date. 
The machinists agreed to stay for the required time. However, the tool crib 
attendant, James Boone, asked to be relieved of the assignment because of other 
commitments. The foreman then decided that the men could obtain the necessary 
tools before quitting time and that the tool crib could be closed during the over- 
time period. 

The next day the union steward filed a complaint, alleging that the second 
man on the list, William Allen, should have been given the work in the tool crib 
and that Allen was entitled to three hours of overtime pay because he had been 
improperly passed over. The foreman contended that the union could not file a 
complaint and that only Allen himself could claim the extra pay. Furthermore, 
the foreman alleged that the company was not required to keep the tool crib open 
during the overtime period. After the company and the union failed to reach an 
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agreement on the questions at issue, the case was submitted to an arbitrator as 
provided by the union contract. 

The arbitrator held for the union on the first question. He said that the union 
represented all of the workers and could file a claim for any one of them. On the 
second question, the arbitrator decided that the seniority rule would apply only 
in case work was assigned to some other worker not having the necessary sen- 
iority. The contract did not require that an attendant be kept on duty in the tool 
crib. 

Question: 

Was the decision of the arbitrator correct? 

59. SENIORITY RIGHTS IN PROMOTION 

The contract between the Woodward Company and the union contained a 
clause which gave the worker with the greatest seniority the right to a new job 
provided he possessed the necessary qualifications. The company followed the 
practice of posting notices of vacancies on the bulletin board, and any worker 
who thought that he had the necessary qualifications could apply. The applica- 
tions were reviewed by the personnel director and the foreman of the department 
where the new job existed. The decision of the personnel director and the fore- 
man could be challenged by any worker who thought that he was not given fair 
consideration, and the grievance could be handled through the usual procedure. 
On one occasion a new job was created as a result of the purchase and installation 
of a new machine. Continuous operation of the machine was important not only 
because of the overhead expense resulting from the cost of the machine and the 
space it occupied but also because of the place of the machine in the production 
line. The management therefore decided that two essential traits of the operator 
were technical skill and dependability. 

The personnel director received bids for the new job from only two workers, 
and both of them seemed fully qualified by training, experience, and technical 
ability. William White had been employed in the plant 28 months and had a 
perfect record as to safety, attendance, and observance of company regulations. 
Ralph Jones, the other applicant, had a record of 43 months of continuous service. 
However, Jones had been reprimanded twice during the past year for failing to 
wear goggles while using a grinding machine and for failing to notify the fore- 
man of his inability to report for work on one occasion. Jones had also been 
given disciplinary layoffs for punching the time dock for another worker and for . 
gambling on the premises. Consequently, the personnel director and the forem$n vi 
awarded the new job to White. v 

When Jones learned of the decision, he immediately filed a complaint with 
the personnel director and the union steward. He contended that he alreadyjhad 
been disdplined for an alleged violation of company rules. Denial of new 
job constituted double punishment which was unfair. He met the requitfements 
for the job and his seniority entitled him to it. The union supported him his 
claim. 

The personnel director pointed out that the job required not only technical 
ability but also dependability and a willingness to assume responsibility. He 
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argued that the record of Ralph Jones indicated a lack of these essential quali- 
fications. 

The dispute was appealed through the usual grievance procedure and finally 
was submitted to an arbitrator in accordance with the provisions of the contract. 
The arbitrator held that the company had not violated the contract in awarding 
the job to William White because dependability could properly be regarded as 
one requirement for a job. The arbitrator expressed the opinion, however, that a 
record of disciplinary action should not always bar an employee from promotion. 

Questions: 

Was the decision proper and fair to all parties concerned? 


60. REASONS FOR DISCHARGE 

The Atlas Company had difficulty obtaining female clerical help during the 
busy season. The company asked the assistance of the state employment service, 
and it also ran advertisements in the local newspapers. After all other sources 
had been exhausted, the company arranged with the women’s club to discuss its 
employment opportunities and the nature of the work at a meeting of the club. 
The meeting was open to any one who wished to attend. At the meeting, the 
personnel manager explained the requirements for some of the jobs, the working 
conditions, the hours of work, and the pay and benefits. The women who were 
present showed much interest in his talk and asked many questions. 

The personnel manager arranged for three employees to be present to discuss 
the advantages of working with the company. These young women had been 
employed by the company in several different jobs and could discuss the problems 
from the worker point of view. Their presentations seemed to be very convincing. 

Present in the audience was Mary de Luca, who was employed as a sorter and 
inspector in the packing department. Mary had come to the meeting on her own 
initiative. After the meeting had been under way for some time, Mary arose to 
discuss her experience with the company. She said she had been employed for 18 
months and had had no increase in pay during that time. Her supervisor used 
rough language in talking to her and had sworn at her on two occasions. She was 
required to stand at her work, and the lunch periods did not allow adequate time 
to eat. The*work piled up at her work station, and she had to work at a pace that 
in time would be injurious to her health. She advised the women to look else- 
inhere for employment if they wanted to work. 

■ :: %e next morning, the personnel manager inquired into Mary’s record and 
fpU||4:tbat she had filed three complaints with the foreman, who described her 
as a troublemaker. The foreman also said that Mary had .started several rumors 
concerting other workers and that the reports had no basis in fact. The foreman 
and tbe personnel manager decided that she should be discharged. 

Whdft Mary reported at her work station, she was called into the office of the 
foreman who told her that her services were no longer needed. A replacement 
had already been hired for her job. Mary retorted that the company could not 
fife ter for exercising her right of free speech, which was guaranteed to her by 
the Constitution of the United States. She said she could saj what she pleased 



506 


MANAGEMENT OF INDUSTRIAL ENTERPRISES 


outside the plant. After a stormy session, she announced that the business agent 
of the union would see that she was restored to her position. 

The business agent called the personnel manager and asked for a conference 
to discuss Mary’s case. He contended that Mary had a constitutional right to say 
what she pleased at a public meeting and that the company would be required to 
reinstate her. The personnel manager replied that Mary had violated her obliga- 
tions to the company in speaking as she did. While she could not be prevented 
from speaking, she had relieved the company of any obligation to her. 

When the personnel manager brought up the question of Mary’s unsatisfactory 
record with the company, the business agent declared that her record was entirely 
irrelevant because she was not fired because of her record. He said that she could 
not be dismissed for a series of minor incidents, and that the company would 
have overlooked her record if she had not spoken up at the meeting. Further- 
more, he said, the personnel director had been negligent in not reporting to the 
union any criticism the company may have made of Mary’s conduct. Hp said that 
the union would have helped to correct minor infractions of company rules if 
they had been reported to him. \ 

Mary’s case eventually went to arbitration. The arbitrator held that although 
Mary was not subject to punishment under the laws of the state for her remarks, 
she had proved herself to be disloyal to the company and that she had purposely 
damaged the reputation of the company in the community. He upheld the right 
of the company to discharge her. 

Required: 

Justify or criticize the decision of the arbitrator. 



CHAPTER 


28 Employee 
Training 

In the days of Frederick W. Taylor, employee training pro- 
grams were not well developed by the management. Helpers or laborers 
were expected to learn principally from mechanics, bricklayers, or other 
skilled workmen with whom they came most in contact. Those workers 
who seemed most capable or who seemed to know most about the work 
were promoted by management. 1 This system was unsatisfactory because 
the worker learned the job well only when he observed and imitated a 
craftsman who used effective methods. Poor methods were perpetuated. 
An excessive amount of time was required for an employee to learn a 
job. In establishments where the foreman was expected to instruct and 
train the worker, the system was not satisfactory because the foreman 
might be a poor teacher. Moreover, as Taylor showed, the foreman 
had so many duties that he neglected some of them. Employee training 
was a responsibility that he often neglected. 

OBJECTIVES OF TRAINING 

While the development of management methods has simplified the 
work of the person who tends a machine, it has resulted in the organi- 
zation of staff departments and has complicated interdepartmental re- 
lationships and thus increased the need for employee training. Even on 
routine work, as Gilbreth showed in his bricklaying studies, workmen 
will use wasteful and inefficient methods if they are not properly taught. 

1 Henry L. Gantt. Industrial Leadership (New Haven: Yale University Press, 1916), 
p. 42, 
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Poor training or a lack of training may result in a low rate of produc- 
tion, poor quality, excessive spoilage, and low wages. 

Although any one company may obtain a supply of workers who have 
been trained elsewhere, a training program is essential for the advance- 
ment of industry. In 1915, Richard A. Feiss, a well-known leader in the 
management movement, said that "skilled and fit men are not bom, 
but made, and it is an essential function of any industrial organization 
to train men and make them fit for specific positions.” 2 In 1917, Henry 
L. Gantt said that "the nation which does not so develop its industries 
as to produce men will not for any great length of time hold its place in 
the world. The men produced by industrial methods are farynore im- 
portant to the life of the nation than the wealth and luxury by which 
we set so much store.” 8 Gantt was of the opinion that the training of 
employees should stress motivation as well as methods of work. Habits 
of industry, he said, are more valuable than knowledge and skill — 
"without industry, knowledge and skill are of little value and sometimes 
a great detriment." 

The need for employee training has been increased by mechanization 
and the development of fully automatic machines. Special training may 
be required for such skilled craftsmen as patternmakers, toolmakers, 
set-up men, maintenance men, electricians, and inspectors. The neces- 
sary skills for some kinds of work can be acquired only through an 
apprenticeship program. Many jobs on the assembly line can be per- 
formed with little training, but other assembly-line jobs may require the 
experience of many months. Automation usually increases the need for 
employee training because it requires a change in job assignments. 

The Training Program. Training may be given to persons recently 
employed, to persons already employed and preparing for advancement, 
to present employees for improving performance in jobs now held, or 
to persons being transferred to other jobs. The nature of the training 
program depends upon the needs of the persons taking the training and 
the objectives of the program. The needs of newly employed persons 
may be met by a short period of instruction or by longer courses jsoth 
as an apprenticeship course. The planning of a training program shcteld 
begin with an analysis of the requirements of the work and the^-qialifi- 
cations of employees. The program should be designed to correct any 
deficiencies. 

Training may be general in nature and not specifically related' toany 

* ’Richard A. Feiss, "Scientific Management Applied to the Steadying of Employment,” 
Annals of American Academy of Political and Social Science, Vol. LX1 (1915), p. l66. 

’Gantt, -op. at., p. 57. 
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task. General training may be given to enable an employee to under- 
stand the basic or scientific principles of production. Examples are 
courses in industrial chemistry, physics, shop mathematics, and eco- 
nomics. Training of this kind may provide avenues of growth for 
employees who show promise or have demonstrated their ability to ad- 
vance. General training may be intended to inform employees of devel- 
opments affecting the industry, the company, or the product. Instruc- 
tion of this kind is sometimes called "employee education” rather than 
employee training. 

TYPES OF TRAINING PROGRAMS 

Many kinds of training programs may be organized according to the 
nature of the work done, the need for new employees with special skills, 
and the qualifications of the people who are available for employment. 
The training may be given before the worker is assigned to a job, im- 
mediately after he reports to the foreman at the time he begins work, or 
after a former worker has been rehired. The subject matter and the 
methods of training depend upon the objectives of the program. 

Vestibule Training. The word vestibule means a passage or hall be- 
tween the outer door and the interior of the building. Vestibule train- 
ing means preparation for the job which is given immediately after the 
employee has been hired and prior to his induction. The name of the 
program indicates the time when the training is given rather than the 
place where the school is conducted. 

According to one plan for vestibule training, a small group of em- 
ployees is given an intensive course in the function, design, manufac- 
ture, and assembly of the product. They are shown the relation of the 
various operations to each other and the consequences of improper 
workmanship at each step. After the preliminary instruction is com- 
pleted, the members of the group are taught to make or assemble a 
product. At the completion of the course of training, workers are trans- 
ferred to the regular production lines, where they are taught some 
specific job. A course of this kind may extend over three to five days 
with groups of five to eight employees in each class. 

Vestibule courses may consist of a production line which duplicates 
theUbior a part of the line in the factory. All workers in the line are 
new -epnployees. The instructor keeps records to show the progress 
made by each employee. He observes the employee’s patience, emo- 
tional stability, willingness to co-operate, and resistance to monotony 
arid fatigue. Production is secondary because instruction, training, and 
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placement are the primary aims. Supervision is closer than the foreman 
usually can give. The regular production lines are not slowed by the 
training program. The time and skill of the instructor are more effi- 
ciently utilized because all of the persons under his supervision are 
learners. The time spent by the employee in the vestibule school depends 
upon the time required to develop skill and speed at the work and the 
need for replacements. 

In some vestibule schools, machines are set up for certain types of 
work but not for all operations. For example, a shirt manufacturer 
maintains a vestibule school in which puffs, collars, pockets, dr the main 
section of the shirt may be made. As the parts are finished, they are 
moved to the main production line for assembly. This plan permits the 
use of a smaller school at lower cost. \ 

The vestibule school is a practical plan only for the large Company. 
If a complete production line is established, balance in the line is not 
easily maintained. The labor turnover on some jobs is more rapid than 
on others, and more replacements must be trained for such jobs. Per- 
haps the greatest problem of the vestibule school is that of keeping 
abreast of developments within the shop. Any change in product de- 
sign, machines used, layout and arrangement of workplaces, or sequence 
of operations in the shop should be matched by similar changes in the 
vestibule school. Unless the methods are identical, new employees will 
learn the wrong methods and will have a problem of relearning and 
readjustment when they transfer from the school. 

Apprenticeship Training. An apprentice is a person who is bound 
by contract to work of serve for a stated time with a view of learning a 
trade. Formerly, such a contract was made with a master craftsman, 
who agreed to instruct and train the apprentice in the skills of the trade 
and to provide him with the means of subsistence. At the present time, 
such contracts may be made by a corporation. The apprentice is usually 
a minor who cannot make a legally binding contract, and his parent or 
guardian therefore signs with him. The apprentice studies to learn a 
trade rather than a job. A trade includes a number of jobs. 

While practices differ among employers, the apprentice training of- 
fered by a large machinery manufacturer may be cited as an example. 
Four-year apprentice courses are provided for machinists, pattern- 
makers, and foundrymen. Apprentices are on trial during the first six 
months. During that time, they must demonstrate their ability to con- 
tinue the course. They are assigned to jobs in the plant as soon as they 
enter training, and the mangement sees that they are gradually advanced 
to more difficult jobs and learn to operate more complicated machines. 
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The apprentice machinist, for example, may begin with the speed drill 
or bench assembly. Later, he receives experience on milling machines, 
lathes, grinders, and shapers. Apprentices may attend classes three days 
a week where they study blueprint reading, geometry, trigonometry, ap- 
plied mechanics, heat treating, tool design, and other technical subjects. 
Tools and books are charged to the apprentice, and the cost is refunded 
to him at the completion of the course. He is then advanced to the rank 
and pay of a skilled workman. A diploma is awarded attesting to the 
completion of the prescribed course. 

Both labor unions and the federal government have interested them- 
selves in the regulations governing the training of apprentices. The 
unions wish to prevent abuses in the program by employers who might 
use such training as a method of procuring cheap labor in large numbers. 
The government is interested in uniformity of standards and in the pro- 
motion of programs for training skilled craftsmen. An advantage to 
the apprentice is that he becomes more versatile and is less likely to be- 
come unemployed as a result of technological changes. Apprentices are 
paid while they learn, and they receive good wages after graduation. 

On-the-Job Training. Much training is given on the job, where the 
worker is taught improved methods of work, care of machines and 
equipment, tooling and machine adjustment, and safety. In this type 
of training, the employee deals in realities and can be sure that the 
methods he learns are practical. Since the instruction is usually given 
by the foreman, the worker can be sure that he will not later be required 
by some other person to do the work in a different manner. The compe- 
tition of other workers spurs him to put forth his best efforts to learn 
as quickly as possible. The disadvantages are the limitations of the 
time of the foreman and possibly his lack of knowledge of methods of 
teaching. 

Foremen may need training in methods of work improvement and 
in ways of instructing workers to use the improved methods. A pro- 
gram of methods improvement for foremen would follow the principles 
and methods of process charts and motion study which were explained 
in Chapter 18. A generally accepted plan of methods improvement 
provides, first, that the foreman will break down the flow of work and 
separately identify the tasks performed by each worker. Second, the 
foreman is taught to inquire into the purpose of each step followed m 
the processing of the material and the performing of a task in an effort 
to make improvements. Third, he is taught to develop better metho s. 
Finally, he applies the improved methods, instructs workers, and at- 
tempts to gain their co-operation. This procedure has been adapted 
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from motion study methods as developed by the Gilbreths. It is stated 
in more detail as follows: 

How to Improve Production Methods 
Step I — Break down the job 

I. List all the details of operations, moves, inspections, and delays, while 
operators are: 

a) Moving materials. 

b) Working with machines. 

c) Working with hands and tools. ' 

Step II — Question every detail 

1. Use these types of questions: 

Why is it necessary? 

What is its purpose? 

Where should it be done? 

When should it be done? 

Who is best qualified to do it? 

How is the best way to do it? 

2. Question product design, material, material handling, layout, set-ups, tools 
and equipment, machines, operator qualifications, workplaces, and opera- 
tions. 

Step III — Develop the new method 

1. Eliminate unnecessary details. 

2. Combine details when practical. 

3. Rearrange to get better sequences. 

4. Simplify all necessary details. 

a) Make the work easier and safer. 

b) Pre-position materials, tools, and equipment at the best places in the 
proper work area. 

c) Use gravity feed and drop delivery. 

d) Let both hands do useful work. 

e) Use jigs and fixtures for holding. 

5. Discuss your idea with others. 

6. Write up your suggestion. 

Step IV — Apply the new method 

1. Sell, your suggestion to the boss. Get his approval for a trial. , ; 

2. Sell the new method to the operators. Give it a fair test. ^.’.V 

3. Consider safety, quality, quantity, cost. 

4. Get final approval from all. 1 

5. Put it into effect. Use it until a better way is developed. ' 

6. Give credit where credit is due. v ;. 

The improved methods may be developed by the foreman ill: co- 
operation With the workers on the job. Later, the foreman is expend 
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to train others in the new methods. He therefore may require instruc- 
tion in methods of training workers to work effectively. The foreman 
is told that the first step, in teaching the worker to perform the task 
consists of preparation of the workplace, getting tools and materials, 
and finding out how much the worker needs to be taught. Second, the 
foreman attempts to gain worker interest and co-operation. Third, he 
shows the worker how to perform the task. Next, he has him use the 
proper method. Finally, he follows up the manner in which the work 
is being done and gives the worker any further instruction or assistance 
that he needs . 4 The method of teaching the worker is summarized as 
follows: 


How to Instruct 

First, the teacher makes the following preparation: 

1. Decide what the learner must be taught in order to do the job efficiently, 
safely, economically, and intelligently. 

2. Have the right tools, equipment, supplies, and material ready. 

3. Have the workplace properly arranged, just as the worker will be expected 
to keep it. 

Then, he should instruct the learner by the following four basic steps: 

Step I — Preparation (of the learner) 

1. Put the learner at ease. 

2. Find out what he already knows about the job. 

3. Get him interested in learning the job. 

Step II — Presentation (of operations and knowledge) 

1. Tell, show, illustrate, and question in order to put over the new knowledge 
and operations. 

2. Instruct slowly, clearly, completely, and patiently — one point at a time. 

3. Check, question, and repeat. 

4. Make sure the learner really learns. 

Step III — Performance try-out 

1. Test learner by having him perform the job. Correct errors. 

2. Ask questions beginning with why, how, who, when, or where. 

3. Observe performance and repeat instructions if necessary. 

4. Continue until you know he knows. 

Step IV— Follow-up 

1- Put him on his own. Designate to whom he goes for help. 

2. Check frequently to be sure he follows instructions. 

4 From The Training within Industry Report (Washington, D.C.* U.S. Government 
Printing Office, 1945). 
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5. Taper off extra supervision and close follow-up until he is (justified to 
work with normal supervision. 

Remtmber — If the learner hasn’t learned, the teacher hasn’t taught. 


Training for Upgrading. Training for advancement may be given 
to employees, foremen, and executives. The courses may be designed to 
train skilled workers or supervisors, and several types of training may 
be given as parts of one program. A small company, for example, has 
given courses in metallurgy, metallurgical chemistry, public speaking, 
time study, operation-sheet writing,,cam design, and work simplifica- 
tion. A larger company gives a two-year course in machinelshop work, 
a fourteen-month course in welding, and a three-year course in general 
office and production procedures. The courses are usualm given on 
company time. Classes may meet for one or two hours each\week. 

Training makes extensive use of visual aids for demonstration and 
illustrative material. Charts, drawings, and pictures are widely used. 
Models of the factory layout are used to demonstrate the flow of work 
from one department to another. Motion pictures and slides are gener- 
ally used for technical instruction and also in the safety program. Mo- 
tion pictures are good, provided the subjects are carefully chosen. How- 
ever, they should be used as supplementary aids rather than as the major 
part of the training work. The showing of the motion picture should 
be preceded by a period of instruction. The picture should illustrate the 
information presented in the instruction period. The value of pictures 
for instruction purposes decreases sharply after about fifteen minutes. 
Slides permit the picture to remain on the screen until the instructor and 
the class have concluded their discussion. Slides may also be designed 
to show cutaway parts of equipment and to demonstrate the method of 


machine operation. 

Training in Safety. New employees are often given safety instruc- 
tion, and other workers may be given refresher safety training. New 
employees, in addition to being given oral instructions, are frequgtiijp 
given a booklet of safety regulations with a perforated sheeyjMMp; 
they are asked to sign and hand to the foreman as evidence Jig®?/ 
have read the instructions. 

Safety instruction is most effective if it is integrated with LBMPSi Sng 
for the job. The employee is taught the proper way to do the^^^Wkh 
is the safe way. When safety regulations are made a parf3wM(§jf in- 
struction, the worker is more likely to receive positive 
rather than negative warnings. For example, instead of being 
not to hold a piece of metal with his hand while he bores a hole^he 
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would be instructed that the first step is to fasten the piece firmly in the 
machine. Instead of being told not to push a chisel toward his hand 
while he trims a piece of .wood, he would be instructed that he should 
clamp the piece of wood to the bench and direct the chisel in a certain 
manner. However, warnings of a negative sort may be necessary in 
addition to positive instruction. Employees are often subjected to a 
barrage of bulletin board posters, signs displayed at entrances or danger 
points, illuminated moving messages, and placards within or about the 
shop. 

MANAGING A TRAINING PROGRAM 


The management of a training program is the joint responsibility 
of the personnel department and the line. The program requires the 
support of supervisors and executives in the manufacturing departments 
because the training is given to benefit them in their work. They are 
expected to direct certain kinds of training. The personnel department 
is best qualified to handle various administrative details. In addition, 
top management should lend its encouragement and support. 

Determining the Need for Training. Before a training program 
is undertaken, the need should be clearly established. Because the sug- 
gestion for training usually originates with the personnel department, 
line executives may be skeptical when the proposal is made. They may 
recall other occasions when training courses were conducted without 
apparent success. Training will require time and effort from the super- 
visors who are confronted with day-to-day problems that demand at- 
tention. If the need is not clearly shown, they may suspect that the 
personnel executive is urging the training partly to enhance his own 


prestige. 

The need for employee training may be established in many ways, 
such as information gained from exit interviews, studies of labor tum- 


’ by crafts and by jobs, difficulties in finding jobs for people who are 
buced by mechanization of production, and discussions with fore- 
IgShortages of skilled workers in certain categories may be disclosed 
g&byment interviews and the difficulties of finding qualified work- 
Ijfe-ansfer to certain jobs. The accident record may indicate die 
W fe tr aining in safety. The period of time required for workers to 
pl llduction standards or the inability of workers to keep work 
jgpn schedule may indicate the need for other training programs. 
jBjSiiiifwina Objectives. The objectives of a program will influence 
banner in which it is conducted. In general terms, three objectives 
be distinguished: die impartation of technical knowledge and a 
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broader understanding o£ technical processes, the development of special 
skills, and the modification of worker attitudes. More specifically, the 
training may be intended to achieve a reduction of learning time on new 
jobs, a reduction of waste and spoilage, an improvement in quality, a 
reduction of complaints and grievances, an improvement in methods of 
work, or an increase in production. Although a training program 
might have several objectives, it is not likely to be successful if they 
are not clearly defined. 

Obtaining Instructors. In any type of training, instruction is most 
effective if it is given by the immediate supervisor. If the (training is 
given by someone else, the learner may find that the methods are not 
approved by the supervisor or that some of the principles taught are 
not in agreement with his ideas. However, many technical courses, par- 
ticularly in an apprenticeship program, are given by specialists. Some 
courses may be given by staff personnel. Much depends upon selecting 
the right instructors. 

Responsibility of the Personnel Department. The personnel di- 
rector usually does not give the instruction, but he may assist in many 
ways. He may suggest areas where instruction is needed and types of 
programs to meet the needs. He assists in working out the plans for 
the training, in obtaining literature, in selecting and training instruc- 
tors, and in scheduling the program. By the use of tests, interviews, and 
personnel records, he assists in the selection of persons to be trained. 
He may provide the physical facilities to be used in training, such as 
rooms, blackboards, charts, slides, and other visual aids. After the train- 
ing has been completed, the personnel department would make the 
necessary follow-up to determine the costs, results, and methods of 
improving the training in the future. 

Rewards for Course Completion. Employees who successfully com- 
plete formal training courses should receive appropriate recognition or 
reward. The nature of the reward depends upon the type of course, the 
amount of effort required of the persons enrolled, and the duration ’pf 
the course. Completion of an apprenticeship course should be recog- 
nized by formal exercises and the conferring of a diploma. For sliofter 
courses a certificate of completion is frequently awarded. Eventhough 
grades may be assigned for purposes of personnel records, the grades 
are not shown on the certificate except perhaps for persons making ex- 
ceptionally good records. The completion of any course is usually an* 
nounced in the plant magazine, which is also used for much pdier 
publicity concerning the program. : 

More substantial rewards for course completion include some sort of 
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monetary payment. Employees who buy books or other materials at the 
beginning of the course may be reimbursed upon satisfactory comple- 
tion. Employees who tajce technical courses at night schools are some- 
times repaid for the cost of the tuition. A wage increase is usually not 
given automatically but depends upon transfer to a higher position. 
The employee may also benefit through greater security or his ability 
to shift to a different kind of work. 

Checking the Value of the Training Program. An attempt should be 
made to determine whether the program has accomplished its objectives. 
This evaluation is not easy. Cause and effect are not closely related 
where human relations are concerned. Conclusions as to the results of 
a tr ainin g program are more reliable if the number of persons taking 
the course is large. Allowance should be made for any change in the 
work force during the time the training was given. For example, if 
women are employed for the first time, a comparison of the safety or 
the production record before and after the training was given will be 
inconclusive in establishing the value of the training. Changes in the 
work force may reflect such factors as age, color, or experience of em- 
ployees. 

The method of determining the value of employee training depends 
upon the nature and the objectives of the training program. The data 
which may be tabulated for this purpose are as follows: 

Increase in the rate of output. 

Reduction in the time required to complete a task. 

Increase in the number of operators who meet the standards of production. 

Decrease in the time required for new employees to reach the standard. 

Decrease in the breakage of machine tools. 

Reduction in the number of accidents. 

Reduction in absenteeism. 

Reduction in the rate of labor turnover. 

QUESTIONS 

, *_*« 

' is the need for employee training affected by subdivision of the work 

into teks that can be completed within a short time? 

•a.-frjfce need for training affected by the method by which the plant is laid 
out, nafiftdy, by processes or by products? 

5. What is the advantage of the vestibule school? What difficulties may be 
eneduisiaipi by the operation of such a school? 

4. What is the responsibilty of the personnel department in connection with 
a training program ? 

. 5. What types of training are most likely to be accepted by the foremen and 
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the line executives? To what types of prografi may they give only formal sup- 
port? 

6. Why do labor unions want to have a part in the development of an ap- 
prenticeship program? 

7. How is the need for apprenticeship programs affected by the rise of the 
factory system of production? In what areas is such training still needed? 

8. Why are women usually not admitted to apprenticeship programs? 

9. How should a worker be rewarded for the completion of a training pro- 
gram? 

10. How can management determine whether a training program is worth 
its cost? 

11. What types of training should be given by foremen? 

12. How might a training program affect the rate of employee turnover? 


CASES 

61. CO-OPERATION WITH LOCAL SCHOOLS 

At a luncheon meeting of the local chamber of commerce, Ralph C. Riggs, 
plant superintendent of the Chase Electrical Company, happened to meet the 
director of a local technical school. The director remarked that employees of the 
Chase Electrical Company enrolled in the school were good students. Mr. Riggs 
replied that he did not know of any employees who were enrolled. When the 
director recalled the names of three of the students, Mr. Riggs said he thought the 
director was mistaken as to the company as none of the men were employed 
at Chase. 

Later, Mr. Riggs called the director and asked for the names of all of the stu- 
dents who were Chase employees. Comparison of the list of students with Chase 
payrolls showed that the three students mentioned as outstanding had left Chase 
for jobs in other companies where they could use their technical training to ad- 
vantage. No one in the management at Chase knew that the men had completed 
courses at the technical school. 


Questions: 

1. How can the company keep informed of the training taken by employi 
local schools or by correspondence ? 

2. What can the company do to encourage employees to take such ti 

3. What department or person in the management should be made 
for knowing that employees are taking technical courses? 



62. TRAINING PROGRAM FOR A NEW PUNT 

The American Electric Products Company planned to build a 
Waynesvilie, Missouri, which was a city of 28,000 population, 
products of the plant were expected to be television sets. Workers 
t^dhhiod 'skills would be needed, and it was known that few people 
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necessary skills were available in Waynesville. The total work force in the plant 
was expected to be from 1,200 to 1,500. 

Before construction of the building was started in Waynesville, Mr. Hughes, 
the vice-president for manufacturing, discussed the problem of personnel with 
Mr. Lowe, the personnel director. Mr. Lowe, with the approval of the president 
of the company, immediately took up the matter with the superintendent of 
schools in Waynesville. He proposed that the city organize a program of adult 
education to train people in the necessary skills. Mr. Lowe agreed that American 
Electric Company would provide equipment and materials for the courses as well 
as instructors, and the company would provide a syllabus for each course. It would 
also meet any financial deficit that might be incurred by the school authorities. 
The superintendent of schools agreed to organize the program. He in turn secured 
the co-operation of the state employment service in recruiting adult students who 
might also become applicants for jobs in the new plant. 

The superintendent rented a small office building for the school program. 
Prospective students made application through the local state employment office. 
All applicants were required to take a battery of tests, including tests of mechani- 
cal aptitude and mental ability. The tests were used for counseling and place- 
ment, but no person was rejected for training because of his test scores. Each 
student paid a fee of $1.00 for each course. American Electric Company made no 
promises of jobs for successful completion of a course, and the students did not 
promise to apply for jobs with the company. The director of public education in 
the city school system enrolled for all of the courses in order that he might better 
appreciate the problems of adult education for employment in a television plant. 

The skills that were particularly needed in the new plant were those of assem- 
blers on the production line, major repairmen, trouble analyzers, chassis circuit 
inspectors, and performance testers. The company prescribed the type of course 
that would be necessary for each skill. The courses included radio and television 
theory, electronics, and practice in bench and assembly work. The class schedules 
required attendance of three to six hours a day for four days each week. Both 
day and evening courses were offered, and a student could enroll for more than 
one course. The longest course, which covered the work of trouble analyzing, ex- 
tended over five weeks for a total of 120 hours. The shortest course covered wir- 
ing and soldering in a total of 3 6 hours. Each student was awarded a certificate 


upon the completion of any course. 

By the time the plant opened, 400 persons had completed one or more of the 
qwrses, and about 375 of these people were given jobs on the subassembly or 
toy assembly lines or in some other work requiring the newly acquired skills. 

plant opened, the day classes were discontinued while night courses 
ifl^^^jlned. These courses were integrated with the regular trade and shop 
of the city schools. The local plant manager attributed the smooth 
of the work force in substantial degree to the training program in 


> the advantages of using the local school system for the training 
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29 Employee 
Services . 

Employee services include those activities of a company 
that are designed to provide employees with facilities not directly re- 
lated to production. They are intended to supply the social and other 
needs of employees that can best be met through group rather than in- 
dividual action. They are conducted for the purpose of making the 
work force more efficient by fostering loyalty to the company and an 
interest in its activities, by building up a feeling of group solidarity, by 
developing a feeling of financial and personal security, or by meeting 
some other personal need. Employee service activities are of many 
kinds. No one company would provide all the services to be mentioned 
in this chapter, although most large companies would provide many 
of them. 

Employee services may be grouped under four headings. They relate 
to health services, financial benefits, recreational services, and miscel- 
laneous services that are designed to establish closer relationships be- 
tween the company and its employees. 

HEALTH SERVICES' 

It is estimated that the average employee in industfy is absonf fwm 
work seven days per year on account of illness. One of the absences is 
due to industrial illness and accidents and the other six daysirare due 
to illness to which the population in general is subject. 'Iw-.iliness 
is not evenly distributed among employees, and both illness and acci- 
dents cause great suffering in individual cases. A comprehensive health 
program would include attention to many types of plant problems.^ 

• ' 520 
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Improvement in Working Conditions. Features of plant facilities 
that relate to health include sanitation and rest room facilities, lighting, 
air conditioning, cafeteria and lunchroom facilities, noise, and the use 
of machines for doing heavy work. Some departments subject the 
worker to special health hazards, such as heat and cold, gases, dust, 
dampness, and poisonous substances. Diseases that are caused by condi- 
tions peculiar to industry are called "occupational diseases.” The most 
common occupational diseases are dermatitis and lead poisoning. 

Medical Services. The company may provide some health services 
for employees who are injured or who require the services of a physi- 
cian. The medical services may be organized as a subdivision of the 
personnel department. However, the medical officer is a highly trained 
person; and his position is a responsible one. For these reasons, the 
medical services are sometimes organized as a major division. While 
this arrangement has much to recommend it, the effect may be to place 
too many executives under the supervision of the general manager. 

The organization of the medical services depends in part upon the 
number of persons on the staff and the extent of the work. Very small 
enterprises provide no medical service at the plant, whereas some use 
the services of a local physician on a part-time basis. Some companies 
arrange for applicants for employment to report to a local physician for 
a physical examination, and other companies arrange for a physician to 
spend a part of each day at the plant. In larger companies a full-time 
physician may be employed. Another arrangement is to employ a nurse 
on a full-time basis to operate the dispensary, with the assistance of a 
physician on a part-time basis. 

When first-aid services are provided, it is usually necessary to require 
that workers report for the treatment of minor injuries, such as cuts, 
abrasions, and bums. Workers may hesitate to ask for treatment of 
minor wounds. They may need to be reminded that an infection is cause 
for discipline, while an injury may not be cause for criticism. 

i&roup Hospitalization and Surgical Benefits. To aid employees in 
TOfie^^hospital expenses and surgeon’s fees, many companies provide 
group: insurance. Insurance premiums may be paid by the company, by 
the employees, or by the company and the employees jointly. One plan 
providea&at each employee will pay a fixed sum each month, which is 
deducted from his pay. The remainder of the cost, which may vary, is 
paid by'lhfe company. Usually, no examination or statement of health 
is. reyriirfd of any employee who makes application for the insurance 
witijm/ thirty-one days of the date of employment. Employees who 
apply after the time stated may be required to pass a medical examina- 
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tion which is satisfactory to die insurance company. Hie protection 
afforded by the policy may include room and meals at the hospital for 
a period not in excess of seventy days, anesthesia, and certain other 
services not to exceed the amounts stated in the contract The surgical 
protection covers the fee charged for any surgical operation, with a 
maximum of perhaps $150. The surgical allowance varies with the 
type of operation in accordance with a fixed schedule. The policy may 
specify that an operation is not covered by the contract if it arises in 
the course of employment. The employer bears the cost of accident or 
illness arising out of the employment, as required by workmen’s com- 
pensation laws. \ 

Group Life Insurance. The group life insurance plan usually pro- 
vides for a scale of premiums and benefits which vary with the salary 
or earnings of the employee. New employees become eligibly for pro- 
tection under the group policy after a stated period, say three months, 
provided the employee is actively at work at that time and has made 
prior application. A part of the premium for the life insurance may be 
deducted from the pay of the employee, and the remainder of the cost 
is paid by the company. No medical examination is required for em- 
ployees who make application within thirty-one days after the date they 
become eligible. While the protection afforded by group insurance de- 
pends upon the policy, income for a period of years may be paid to 
beneficiaries, or a lump-sum payment may be made. If death is due to 
accidental causes, the payments may be increased. If an employee be- 
comes totally and permanently disabled before he reaches sixty years 
of age, specified payments are made to him. Disability payments are 
made without regard to the cause of the disability, which might be 
occupational or nonoccupational. The policy may also provide for 
payments to an employee who loses a hand or a foot or is otherwise 
maimed, even though he may not be able to prove disability. 

A few labor unions have experimented with hospitalization and o tter 
types of group insurance. According to the usual plan, the memteig|ji§| 
the premiums to the union, which manages the insurance jg|^|§|p~ 
makes payments to workers who are entitled to compensaticj^^^^®’ 
enee with such funds has usually been unsatisfactory bec^^^^tes 
lacked statistical data On which to base assessments and ber^K;J^sbn 
officials were not trained in the management of the fundS 3|jp% &: rwcre 
sometimes improperly used for strike benefits. Consequei^gjjpioos 
have urged that money for the payment of benefits to worltli fffiS oald 
. be patd.br the employer. Three types of management for 
funds are ha operation: those administered solely by the umonjlbose 
adm i ni s tered jointly by the employer and the union; ahd those admin- . 
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istered by a private insurance company, with premiums paid directly 
by the employer to the insurance company. 

* 

RECREATIONAL SERVICES 

In some cases, particularly in urban locations, few recreational serv- 
ices may be provided by the company, while in smaller communities a 
more elaborate program may be developed. The activities may include 
a variety of sports, such as basketball, bowling, softball, and tennis. 
Social activities might include dinners, shows, picnics, and concerts. 
Clubs may be organized for stamp collecters, musicians, and camera en- 
thusiasts. The programs may be financed by the company, by a benefit 
association supported by the workers, by club dues, or by profits from 
vending machines and lunchroom sales. 

Recreational activities are necessarily adapted to the needs and inter- 
ests of workers and the community. They are affected by the distance 
from workers’ homes to the plant, shift hours and overtime work, and 
the other recreational facilities in the area. The program should have 
a minimum of support from the company, and it should in no sense be 
considered as paternalism or charity. The administration should be as 
democratic as possible with a maximum of participation by the em- 
ployees. The program should be designed to provide recreation and 
competition of an amateur nature. It should not be permitted to be- 
come professional. A phase of the recreational program which should 
not be neglected is the possible liability of the employer for injuries 
sustained by employees who participate in athletic events. The em- 
ployer may also be liable for injuries sustained by an employee in an 
automobile accident in traveling to or from such an event. The risk of 
injury is increased by inadequate training for athletic contests and fail- 
ire to take adequate precautions to protect workers from injury. The 
Stnployer is more likely to be liable if any pressure is placed upon an 
Mgpyee to get him to participate, if the games are played on the em- 
premises, or if the employer has provided supervision for the 
B^KXo reduce the risk, the employer may see that players are 
discourage excessive zeal to win, and provide adequate 
QnE^^SMte Adequate records of injuries should be kept to determine 
vb flSjpftto rts are becoming too strenuous. 

W FINANCIAL BENEFITS 

'• financial benefits are provided in part by the health services because 
' they may give the worker who is ill or who is injured by accident cer- 
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tain financial assistance. However, additional financial benefits may be 
provided in certain cases, or the workers may be encouraged to help 
each other financially. Several types of such services may be provided. 

Retirement Plans. Many companies have long provided for the pay- 
ment of retirement allowances to employees with a stipulated number 
of years of service. The enactment of the Social Security Act in 1935, 
which provided for old-age and survivors’ benefits, did not cause a gen- 
eral abandonment of pension plans, as many persons had feared, but 
was followed by the adoption of pension plans by more companies. 
Possible reasons for the extension -of retirement plans may be the 
recognition that payments under the Social Security Act are not large 
and that the law directed the attention of employers to the need for 
retirement allowances. Other possible reasons are the growing strength 
of organized labor and an increased feeling of social responsibility on 
the part of employers. 

Retirement plans differ greatly in their provisions. Some plans cover 
all employees, and some cover employees earning in excess of a speci- 
fied amount per year. Some cover only salaried employees earning in 
excess of a stated amount. In some cases, all the cost is paid by the 
employer, and in other plans a part of the cost is paid by tbe employee 
and a part is paid by the employer. Some plans provide for the estab- 
lishment of a fund, which may be managed jointly by the employer and 
tihe employees. Some provide for the payment of the joint contribu- 
tions to a trust company, which manages the funds and makes pay- 
ments to the annuitants according to the plan. Some plans provide for 
the purchase of an annuity from an insurance company. In some cases, 
no fu«d is established, and the company merely pays its retired em- 
ployees the agreed amounts and charges the payments to payroll expense 
as they are made. Unless a fund is established, the rights of employees 
may be lost as the result of a merger. Funds have sometimes been set 
up on an unsound actuarial basis. 

Benefits to employees are usually based upon their annual earnings^ 
and the number of years of service. For example, one plan provideS wt 
the monthly payment of 1 per cent of the compensation in d&jyear 
preceding retirement, multiplied by the number of years ofservfce. 
Social security benefits are sometimes deducted from the payments made 
under the plan. Allowances may be payable in case the employee is 
disabled prior to the retirement age. 

Employee Stock-Purchase Plans. Following World War I; .many 
companies adopted a plan of selling capital stock of the company to 
.employees. The price was usually somewhat below the prevailing 
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market price at the time of the sale, and payment was made in inwall , 
ments deducted from the pay of the employee. The amount of stock 
which an employee was- permitted to purchase depended upon his an- 
nual earnings. The purpose of such a plan was to foster interest in the 
company, to permit the employee to share in the profits, and to make 
the employee feel that he was a part of the company. Many of the 
plans were abandoned after the stock market crash of 1929. 

During the 1950’s, a large number of corporations adopted revised 
plans for selling stock to employees. An interesting example is the plan 
adopted by General Motors Corporation in 1955. According to this 
plan, any salaried employee with at least one year of service can invest 
up to 10 per cent of his annual salary. One half of the saving, together 
with a contribution of the same amount by the corporation, is used to 
buy stock of General Motors Corporation. Thus, the total amount in- 
vested in stock is 10 per cent of the salary. The other 5 per cent is 
used to buy government bonds. The dividends on the stock are not 
paid to the employee but are withheld by the corporation for further 
investment in stock. Amounts invested are used for retirement pay or 
may be returned to the employee if he leaves the employment of the 
company. The purposes of the plan are the development of a better 
employee attitude toward the corporation, the encouragement of 
thrift, and the provision of additional capital for the corporation. The 
plan permits the corporation to retain and to reinvest in the business a 
substantial sum. Income taxes are a factor in the plan because no taxes 
are paid by the corporation on the amounts retained and reinvested. 

The most serious objection to stock ownership by employees is that 
the employee becomes dependent upon the company for both his job 
and the security of his savings. Common stock in any one company does 
not provide either stability of income or security of principal. A 
diversity of investments in senior securities might be preferable. When 
,H. company urges employees to buy stock, it may expect criticism if prices 
tjacKne in the market to less than the purchase price. Disappointment 
'I^®fe3tock investment may impair the confidence of employees in the 
management of the company. 

CrMmrUnions. A credit union is a co-operative small-loan enterprise. 
The company credit union receives deposits of the savings of employees 
and loans in small amounts to other members of die group. In- 

terest states paid to depositors are higher than the rate paid on time de- 
posits ioi ban If. s and perhaps conservative investments in bonds. The 
charges on loans made to borrowers are low in comparison with 
charges made by small-loan companies. Under the usual plan of or- 
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ganization, the members elect a board of directors of five or more 
members, a credit committee, and a supervisory committee. The direc- 
tors elect the president, die treasurer, and the secretary. These officers 
receive deposits, make loans, and manage the affairs of the credit 
union with advice and counsel of the two committees and a minimum 
of assistance from the personnel manager. 

Credit unions made rapid progress during the decade of the 1950’s. 
They have been encouraged by management because they help workers 
to solve their financial problems and to accumulate their savings. 1 Some 
employers believe that credit unions have contributed to the (morale and 
the training of workers in financial management. Workers, have been 
able to make considerable investments in credit unions because of the 
increased real wages and steady employment. The unions make their 
greatest appeal to workers who regard their relationship With the 
company as permanent. The principal problems for both the members 
of the union and the employer pertain to the soundness of the loan 
policy and the possibility of mismanagement. 


SERVICES TO ESTABLISH CLOSER RELATIONSHIP 
WITH EMPLOYEES 

All of the services to employees described in the preceding pages 
ate designed to improve morale and they may help to establish a closer 
personal relationship between the management and the employees. 
However, additional services may be provided that are general in nature 
and cannot be included in any of the preceding classifications. Some 
of them will be described in the following paragraphs. 

Employee Publication. A magazine published by die company in the 
interests of better personnel relations is usually referred to as an em- 
ployee publication or plant magazine. One purpose of such a publica- 
tion is to integrate the interests of employees and management 
informing each group of the interests and activities of the other, 
ever, most of the space and notices should concern employe 
than management. The magazine should also build sup 
the company as a whole by informing the employees in va 
stents of the activities in all parts of the plant. It fosters a ; 
by recognizing the work of various departments in such * 
safety records, attendance, and production. It helps to build 
mg of importance in the individual employee through notic 

, * "Credit Unions Are Booming," Factory Management and Maintenance, 

Noi'4 
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sonal events, such as marriages, births, wedding anniversaries, retire* 
ments, and vacations. 

The plant magazine is usually published under the direction of the 
personnel department. Publication may be supervised by a joint com- 
mittee of employees and management. Papers sometimes appear weekly 
and sometimes monthly. In a small business the reporting is done on a 
volunteer basis. The paper may be mimeographed or printed by a more 
expensive process. Most of the items are of a personal nature or relate 
to employee activities. The mentioning of the names of employees is 
good technique, although care may be necessary to avoid devoting an 
undue amount of space to the publicity seeker. 

The employee publication is sent or distributed to employees with- 
out charge. The most successful method of distribution is to place the 
papers at the exits at quitting time in order that employees may pick 
them up as they leave. Papers should not be taken to workplaces or 
read in the plant. To emphasize the timeliness of the paper, surplus 
copies should be removed from places of distribution after two or three 
days. 

The distribution of space in the magazine depends, in part, upon em- 
ployee interests, and reader checks may be made to determine which 
topics have the greatest appeal. Some papers submit questionnaires to 
readers every six months to sample their opinions. Most of the space 
is usually devoted to personal items, such as weddings, births, company 
sports, hobbies of employees, vacation trips, and recreational activities. 
Some space is given to special features, letters to the editor, occasional 
educational subjects, and editorials. Pictures of employees at work, 
at home, or on vacation are usually featured. 


Although the plant publication is usually read by employees, it does 
not discuss the problems in which workers are most interested, such as 
the settlement of complaints and grievances, possible cutbacks in pro- 


duction, seniority provisions, methods of evaluating jobs, changes in 
fffrfo g hours, and improvements in working conditions. Perhaps the 
the magazine to treat such matters is explained by the fact 
methods of communication may deal with them. Another 
the editor of the magazine is not included in the com- 
mittal ^^ consider company programs and policies and is not suffi- 
denti^Bynned to discuss the problems and interests of workers. 
Furth^iSme, the company is now required to give consideration to all 
ptom^l^Sknents in the area of employee and union relations because of 
the ^ of state and federal law and the union contract. Tile 

.fatHure of the company publication to discuss such problems contrasts 



MANAGEMENT OF INDUSTRIAL ENTERPRISES 


**• 

with the policy of labor unions in keeping their members informed.* 

Some companies have made use of the plant magazine to explain 
company programs and to establish better employee and community 
relations. For example, if employees are known to complain that prices 
in die plant cafeteria are too high, the company might publicize data 
as to the number of meals served, labor and food costs, and the net 
results of operation. If the company is criticized for the pollution of 
rivers or other water supply, it might explain what it is doing about 
the problem and the extent to which improvements have been made. 

If the company has developed programs to keep people employed who 
might otherwise have been laid off, the plant paper might) be used to 
inform employees and other people in the community.® In most cases, 
however, the plant periodical is not used as a means of infonning em- 
ployees concerning such problems. \ 

Plant Food Services. Many large companies now provide some kind 
of food services inside the plant. Some companies operate a cafeteria, 
and others operate snack bars or lunch counters at convenient points. 
Other companies provide dispensing units on wheels, which make the 
rounds through the plant. Employees may make their purchases at the 
regular lunch periods or at other times which are usually referred to as 
"coffee breaks.” 

In-plant feeding is managed in any one of three ways. The company 
may manage the facilities at cost or perhaps at a small loss. Second, the 
faciliti es may be managed jointly by the company and the employees. 
Space is provided by the company for little or no charge. Any profit is 
used for employee activities, such as sports and social affairs. According 
to the third plan, the facilities are managed by a service company which 
specializes in operating plant food facilities. The service operates under 
the company name and is generally regarded as a part of the company 
that owns and operates the plant. 

Company Stores. Several types of company stores and purchase plans 
have been developed tb meet the varying requirements of the employees. : 
Some companies permit their employees to T>uy at a discount fffljped’ 
amounts of the merchandise in which the company regularly d&^.',"To 
prevent the abuse of the plan, the company may stipulate that ’fhe mer- 
chandise must be used for personal or family use. Some companies buy 
from other manufacturers or wholesalers certain articles fof fesale to 

’ See Fred C. Foy and Robert Harper, "Round One: Union vs. Company Publications,” 
Harvard Business Review, Vol. XXXIII, No. 3 (1955), pp. 59-67. - . , . 

* W illiam C. Halley, "Making Your Plant Paper Pay Off,” Rectory Management end 
Maintenance, VoL CXffl, No. 10 (1955), pp. 138-40. 
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employees at cost. Such purchases are made on specific requests from 
the employee. The company may organize a co-operative store whose 
capital is supplied by the employees themselves. Co-operative stores are 
managed by the employees with a minimum of help from the company. 

The most common type of store is company owned. Sales are made 
at cost plus a margin to cover operating expenses. In some cases the 
margin above cost has been so large as to amount to exploitation. Be- 
cause some companies have taken advantage of workers by forcing them 
to buy from company stores, many states now prohibit the payment of 
employees in scrip which is redeemable only at the store. Such pro- 
visions are also frequently included in the union contract. 

Many stores have not been successful. Company stores and em- 
ployee purchase plans do not operate advantageously during periods 
when merchandise is in short supply. Too much time is spent by the 
purchasing department in trying to find scarce items. In times of rising 
prices, employee ill will may be created because the company is blamed 
for the high prices. The competition of well-managed stores in the 
community is another factor. In some cases the closing of company 
stores was considered necessary to the maintenance of good community 
relations because of objections made by local merchants. 

Suggestion Systems. A suggestion system provides the machinery 
whereby an employee may contribute ideas for the improvement of 
conditions within the plant. In small companies the program for the 
soliciting of suggestions is frequently an organized campaign which 
t ermina tes at a definite time. Large companies may conduct a continu- 
ous program for employee suggestions. The purposes of such a pro- 
gram are to encourage suggestions for the improvement of working 
conditions, to establish better relations between the management and 
employees through the exchange of ideas, and to direct the minds of all 
employees and officers toward work methods. Suggestions usually re- 
late to proposed changes in tools, machines, workplace layout, and 
. p r o cedures for purchasing, storing, or issuing materials. 

3 5% he management of the suggestion system is the work of a member 
of ifepersonnel department. His duty is to solicit and investigate sug- 
gcstfam No suggestion can be received through the suggestion system 
from &remen, engineers, time-study men, or other persons in the man- 
a gema^ group. Suggestions are made in writing on a form prepared by 
the cd&pany. Usually the suggestions are signed by the employees al- 
tfaoa g^ some companies request that the suggestion not be signed. The 
person who makes the suggestion is identified by a number which ap- 
pears on the form and also on a perforated slip which he detaches. 
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Acceptable suggestions are rewarded by a cash prize which may be 15 
per cent of the savings for the first year. A minimum award may be 
established. In some'Cases, no measurable savings may be anticipated 
because the suggestion pertains to the prevention of accidents, the re- 
duction of fire or health hazards, the improvement of the product, or a 
change in working conditions. The award for such suggestions may be 
based upon the value placed upon the idea by a committee of the 
management. 

Employees should be informed of the type of suggestions desired. 
One plan is to publish a booklet describing the system and tie method 
of its operation. One such booklet describes a suggestion as 'W positive 
constructive idea to improve methods, equipment, and procedures; to 
make for safer and better working conditions; to reduce time or cost 
of an office, factory, or sales operation; or to improve either industrial 
or public relations.” Another way of indicating to employees the type 
of suggestion desired is to print in the heading of the suggestion form 
the classes or groups of suggestions which are solicited. The employee 
checks the appropriate heading and then writes a description of the 
plan or change he suggests. 

Some companies have found suggestion systems to be very successful. 
Others have tried and abandoned them. Reasons given for discontinu- 
ance are various. In some cases the value of the suggestions was not 
considered sufficient to cover the cost of the awards and the time spent 
in managing the plan. In other cases, foremen resented suggestions for 
improving conditions in their departments. If one worker made a sug- 
gestion for improving the job of another, the worker on the job resented 
it. Both foremen and workers sometimes attempted to show that the 
old way was better even after the committee had approved the sugges- 
tion. Suggestion plans are said to generate an individualistic attitude 
and to interfere with the development of a team spirit. The failure of 
some plans should be attributed to poor management or a lack of en- 
thusiasm for the plan. 

To assure success, the management of the suggestion system shgMp^ 
be made the regular work of a capable person. All suggestio ns ' J jWISIff - 
be acknowledged as soon as they are received, and they ■sHj BHIvml '* 
promptly investigated. Some suggestions may be referred to jKw ife- 
man in whose department the change would be made, or wS^ S&tiS 
specialist viffio is in a position to determine the desirability ofi Wp $ft»- 
posed change. The person to whom the suggestion is refenssta^tej- 
qnestcd to estimate die cost of making the change, the cost of thtFSSjjto-. 
or equipment that would be required, and the amount of the anriiiT': 
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savings that would be realized if the suggestion should be accepted. 

If a suggestion is not immediately accepted, the employee who sub: 
mitted it may be interviewed and asked to explain it. If it still appears 
to be impractical, he should be told the reason for rejection. To en- 
courage the co-operation of employees, some companies pay a small 
amount, perhaps $1.00, for suggestions that are not accepted. If a sug- 
gestion has merit but cannot immediately be made effective, it may be 
returned to the employee who submitted it, and he should have priority 
as to the suggestion for a period of twelve months. He may be asked 
to resubmit a suggestion after a year has elapsed. Employees who win 
substantial awards should receive proper publicity through the plant 
periodical and in other ways. The manager of the suggestion system 
should see that practical use is made of any suggestion for which an 
award is given. 

Accident Prevention Programs. Accident prevention is usually in- 
cluded in personnel activities, although the program includes certain 
engineering aspects. The phases of safety work are sometimes referred 
to as the four E’s: Engineering, Education, Enlistment, and Enforce- 
ment. The engineering phase includes the design of machines and 
equipment, the enclosure of moving parts, protection against falls 
through manholes, the design of safety apparel, and the development 
of rules of safe practice. The other E’s are personnel activities. Edu- 
cation in safety is given as a part of the induction program, in connec- 
tion with training on the job, and in connection with other personnel 


work. Enlistment refers to the continuous program that is required to 
convince people of the necessity for observing safety practices. Enforce- 
ment includes the investigation of accidents to determine the causes and 
to recommend measures to prevent similar accidents in the future. 

A fifth E could be added — Evaluation of results. Improvement in 
safety performance may be measured by the number of accidents or 


their severity. The compilation of data pertaining to accidents requires 

I lefinition of accident be agreed upon. An accident is defined 
ined incident that results in injury to a person and a loss of 
1 the day when the incident occurred. Accident frequency 
[ by the following formula: 

u — Number of accidents x 1,000,000 

requency Total labor hours worked 

the number of accidents is multiplied by 1,000,000 is that 
usually results in a whole number which is easily under- 
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Accident severity makes allowance for the seriousness of the accident 
It is computed by this formula: 

c Number of days lost x 1,000 

~ Number of hours worked 

In the computation of the number of days lost, death or disability 
is counted as 6,000 days. A smaller number of days is assigned to the 
loss of a finger, a hand, a toe, a foot or other dismemberment. The 
accident rates are computed for the entire company, for each plant, 
and each department. The accident program requires the attention of 
each person who is exposed to accident hazards. I 

Employee Counseling. A personal service which members of the 
personnel department may render to employees is that of counseling. 
Methods and purposes of counseling differ according to the tympany 
and the interviewer. Three types of counseling may be distinguished. 
First, the counselor may attempt to aid the employee in the solution of 
his personal problems incident to his employment. This type of counsel- 
ing service was widely used during World War II, when many persons 
were drawn into industry for the first time. Some of the problems with 
which the counselor might be concerned have been mentioned in con- 
nection with the discussion of induction of employees. They include 
methods of checking in and out, information as to rest periods, smoking 
rules, methods of wage payment and payroll deductions, clothing regu- 
lations, vacations, medical facilities, reporting of accidents, and method 
of applying for a social security number. Employees may also be assisted 
in the solution of community problems, such as housing, shopping, 
transportation, schools, nurseries, and banking. This type of counseling 
is most valuable during periods of rapid expansion of the labor force. 

The counselor may also advise with the employee concerning his 
record and methods of advancement. When employees are rated by 
some plan of merit rating, their records should be reviewed with them 
after each rating. Their strong and weak points should be noticed, at^J/ ■; 
methods of improving the rating should be discussed. The counsel?: 
may discuss with promising employees the possibilities of special, train-', 
ing courses. The counseling interview is valuable in stimulahjjgrthe 
interest of the employee. . . . 

In a third type of counseling, the counselor may endeavor to assist the 
employee in making a satisfactory adjustment to his work. Tfeionn- 
selor does not attempt to give advice, and he does not argue with . the 
employee. He listens, and by means of well-directed questions, he at- 
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tempts to have the employee work out his own solution of the difficulty. 
The theory of this method is that the employee frequently rationalizes 
concerning his problems without realizing it. He permits his attitudes 
and his work to be affected by misfortunes at home, demotions, trans- 
fers which are interpreted as demotions, unemployment of other mem- 
bers of the family, disappointment in personal affairs, and numerous 
developments which are not relevant to the job. The purpose of the 
interview is to give the employee a chance to talk to an understanding 
listener, to reduce his emotional tension by talking it out, and to decide 
for himself the best procedure. Discussions are confidential, and the 
interviewer can take no action to correct a situation of which the em- 
ployee complains. The method requires great skill and patience on the 
part of the interviewer. 

This method of counseling resembles the procedure used in counsel- 
ing with the general public, where the method is called "psychother- 
apy.” The principal difference is that in industry the interviewer is less 
free to lead the employee to discuss all his personal problems than is a 
private practitioner in handling the case of a client who recognizes the 
need for a solution to his problems. The method has not been generally 
used in industry because of its cost. 

Other Services. Many other services are being rendered by various 
companies to their employees. It is not possible to give a complete list; 
but they include company loans for housing, company housing projects, 
legal advice, and nurseries for the care of young children. The types of 
services depend upon the size of the company, the nature of the business, 
the location of the plant, the needs and desires of employees, and the 
attitude of the management. The services may vary from year to ^ear 
according to changes in business conditions and the experiences of the 
company. 

The benefits, pensions, and indirect wage payments may be extended 
in small amounts from time to time; and if management fails to com- 
pute the costs of each benefit that is granted, the total may eventually 
: h«iciine a substantial amount. For example, one survey indicated that 
fringftbenefits paid by manufacturing concerns totaled 16.8 per cent of 
f^' p i pBPll, or $667 per worker for a year. The payments included le- 
gally required contributions for social security and workmen’s compensa- 
tion, -pensions and other payments under contract such as group insur- 
ance atsd tuition refunds, paid rest and lunch periods, and payments for 
time, loot worked, such as vacations, holidays, sick leave, jury duty, 
funerals of members of the family, and national guard service. Other 
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miscellaneous items were profit-sharing payments, special bonuses, and 
suggestion awards . 4 Large companies usually make more payments of 
this land than small enterprises, and for this reason may be able to 
attract workers more easily. A small company is at a disadvantage in 
making guarantees of benefits over a period of years. 


QUESTIONS 


1. How can the management determine whether a proposed employee sendee 
is worth its cost to the company? 

2. Some employee services should be offered only because the employees want 

diem. How can the management determine in advance whether they want tthe 
service? \ 

3. Should management provide services to employees because profits will tye 
increased, or does management have some other objective? 


4. Why should management wish the employees to have good food at the 
luncheon period? Would management be concerned that many employees make 
a lunch of sandwiches and soft drinks? Should management concern itself with 
the kinds of breakfasts employees eat? 

5. What can the personnel director do to improve working conditions in the 
plant? 

6. Is the personnel director concerned with plans an employee may make for 
his retirement, or is such preparation a personal matter with which the personnel 
director should not interfere? 


7. Some companies have found that alcoholism is most prevalent among highly 
skilled workers who are very difficult to replace. Should they be concerned with 
this problem? 

8. Should employees be encouraged to purchase stock in the company? 

9. What types of suggestions does the company want submitted under its. 
suggestions system? What types does it not want? 

10. The personnel director finds that suggestions are not investigated until 
six months after they were submitted. He also finds that approved suggestion 
for which an award is given are often not put into practice. How can^ 
difficulties be corrected? 

LI. Should the company make a charge for uniforms for a compi 
team? Should admission fees and dues be charged for memberships 
such as a camera club or a garden club? 

12. Why would a company want worker participation in the 
employee services where such participation is possible? 

* "Vou’H Be Paying More for Fringe Benefits," Factory Management ami MSmirntt, 
m CX1V, No. 4 (1956), pp. 82-83. - ' * 
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The Sievers Company had not provided cafeteria service because the number of 
employees did not seem to warrant the trouble and expense. The company em- 
ployed only 130 employees in its busy season, and the number dropped to 110 
during some months of the year. The company had no personnel department. An 
assistant to the office manager interviewed applicants for jobs, handled requests 
for transfer, and attended to the other personnel problems when the need arose. 

Food service in the area adjacent to the plant was not satisfactory. Most of 
the eating places were of the small quick-lunch variety that featured cheap and 
poorly served foods. The time allowed to employees for the lunch period did not 
permit them to walk to better-class restaurants and for most of the employees the 
cost of good lunches was prohibitive. 

The president authorized Mr. George Lucy, the office manager, to investigate 
and report on the possibility of a satisfactory plan for the operation of a plant 
cafeteria. Most of the people with whom Mr. Lucy talked advised against the 
provision of in-plant food service. They said that the cafeteria created too many 
problems for the mangement, would operate at too great a loss, and would result 
in too much employee dissatisfaction. However, Mr. Lucy was convinced that in- 
plant feeding was needed by the company. 

Mr. Lucy developed a plan designed for maximum service at minimum cost. 
His plan was an adaptation of the plan of another small company in a nearby 
city . The Sievers Company would provide space in the basement of the building 
where a dining room could be equipped to seat 125 persons. A small kitchen 
would also be installed for the preparation of food. Bread, cake, pies, and other 
bakery products would be purchased from a local bakery. 

To minimize food losses and to permit better planning of meals, employees 
would be asked to place their orders in advance. The names of all employees 
would be printed in the order of their payroll numbers on the left side of a sheet 
of paper, and the menu for each day would be written above the columns on the 
sheet. As each employee entered the plant each morning, he would merely place 
a check mark in the appropriate spaces opposite his name to indicate his order for 


the day. Spaces were provided where the employee could indicate the soup, meat 
and vegetable combination, the salad, drink, and dessert he desired. Only one 

I : would be served each day. The orders would be complete by 9 
norning, and the cafeteria manager would know how many servings 
to prepare. 

ild be set to cover only the cost of food. Since in most restaurants 
in foods the food cost is about half of the price charged, employees 
e to buy their noon meal for about half the amount they would pay 
lace. The company would furnish the space and pay the wages of 

the cost of labor in the dining room, no cashier would make charges 
nrlj^ft money. Payment for meals would be made by employees solely by 
in denominations of five and ten cents which could be purchased in 
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books of $3.00 value from the office manager. The coupons would be stamped 
with the payroll number of the employee. In the cafeteria, the employee would 
tear out and deposit in a box an amount of coupons equal to the price of his meal 
As a verification, the office manager would sort out the coupons by payroll num- 
bers and compare the total for each person with the price of the menu checked 
for the day. 

All food would be served on plates and other dishes before the cafeteria was 
opened for service, and each employee would merely pick up the plate containing 
the food ordered. Beverages would be self-service from pitchers or pots, in the 
case of tea or coffee. To reduce congestion, the cafeteria would be opened to 
women employees at 11:55 a.m. and to men at n jioon. As each employee/ fin- 
ished eating, he would stack his dishes and place them on a table near the kitchen 
for the dish-washers. With these arrangements, the office manager thought mat 
the cafeteria could be operated by three employees who would prepare and dis- 
pense the food and clean up the kitchen each day. Purchasing and accounting 
work would be handled by the assistant to the office manager and a clerical assist- 
ant in the accounting office, and no additional help in the office would be re- 
quired. 

To obtain suggestions on the operation of the cafeteria, the office manager rec- 
ommended that a committee of three employes be appointed to work with him. 
The membership of the committee would be changed every three months. An 
effort would be made to appoint to the committee employees who were known to 
be dissatisfied with things in general. Mr. Lucy thought that if good food could 
be served at the prices suggested, more than 90 per cent of the employees would 
regularly eat in the cafeteria. 

Required: 

Criticize favorably or unfavorably the plan recommended by Mr. Lucy. 

64. ADVANCE OF SALARY TO AN EMPLOYEE 

Mrs. Mary Miles was employed as a secretary by the Otis Company on the 
basis of a personal interview, a practical test of dictation and typing, and the * 
recommendation of her last employer. Her application blank disclosed that she 
had held five positions during the last two years, but she explained that she had 
obtained a better position each time she had moved. 

Mrs. Miles soon demonstrated that she could take telephone calls and receive; : ' 
visitors satisfactorily and that she could do typing and filing very well. However* 
she soon came to be violently disliked by all the other girls in the office be^itjee 
she persisted in discussing all of the details of her troubles with her former bus- 
band. She seemed anxious to show that her separation from him was^Ms fauIt 
and not hers. In talking with the other girls, she often used words they 
regarded as undignified and unsuited for the relationships in the office* 

The company paid its salaried employees by check at the end of each, month. 
After Mrs. Miles had been with the Otis Company for two months andhad re- . 
ceived her check for the second month on July 31, she informed her supej^isof 
that she had borrowed $1,000 from a pawn broker to meet the hospital 
her mother. She had fallen behind in her payments, and if she did not have the 



EMPLOYEE SERVICES 


537 


money to pay him, her salary would be attached for the payment. She therefore 
asked the company to advance her salary for August. Within a month, she ex* 
pected to get her debts straightened out. Reluctantly, the supervisor recom- 
mended that the advance be made,, and the treasurer complied with the recom- 
mendation. 

At the end of August, Mrs. Miles received no check because she had already 
been paid for the month. On September 1, she again requested and received an 
advance. The same was done on November 1. On December 1, Hie treasurer in- 
formed the supervisor that since the books would be audited at the end of the 
year, he was required to have all advances cleared. He therefore requested the 
supervisor not to approve another advance. Furthermore, the treasurer said that 
the "grapevine” had carried the word that Mrs. Miles was the recipient of special 
consideration in regard to salary payments. Although Mrs. Miles protested that 
her Christmas would be ruined and that she would be driven to the loan sharks, 
she was not given any further salary advances. The supervisor did not learn 
what arrangements Mrs. Miles was able to make. 

Question: 

Was the case of Mrs. Miles properly handled? 
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30 Purchasing 


The management of production includes planning the 
operations, making the plans effective by issuing orders for work to be 
done, and seeing that the plans are carried out effectively at low cost 
within the established time limits. Many of the steps required for pro- 
duction management have been described in previous chapters. Such 
steps include the design of the product and the establishment of stand- 
ards for each product, and the planning of the facilities for production 
including types of machines and plant layout. Organizational relation- 
ships should also be defined, and the duties of each position should be 
determined. Personnel requirements at each level should be provided. 

An important phase of the management problem remaining for con- 
sideration is the procurement of materials of the prescribed kind and 
quality in the proper quantities at the right time at the lowest cost con- 
sistent with the other requirements. Since the materials may have to be 
received into stock and held in the storeroom for an indeterminate time 
prior to use in production, procurement includes not only the placing of 
the purchase order but also the establishment of inventory standards and 
the control over quantities on hand and on order, the storing and the 
issuing of the materials for use in manufacturing. The present chapter 
is coacemed with purchasing for production. 

TYPES OF PURCHASES 

the purchasing function may be regarded principally as a 
phase 'of'lfte procurement of raw materials, the purchasing department 
may ia&& make contracts for the purchase of four types of materials, 
parts, and other merchandise. 
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iMUfl Ml Irad^iwiBR ^Jjtamples are lumber, grain, 
sheet steel, pipe, wire, wool,' cotton, paint, and, copper. Consumer ac- 
ceptance of the trade name or the good will associated with the name 
of the manufacturer of the material is not important in the purchase of 
merchandise of this sort. Ttos p M wi i wm . a f 



manufacture of She product for 


*l 4 |gjy^For example, a"'sHirt manufacturer may contract for the manu- 
facture of fancy shirts of certain designs forwhich the demand is sea- 
sonal. This arrangement enables the company to concentrate on the 
manufacture of shirts of stable demand. Many manufacturers purchase 
various types of appliances and other merchandise for sale to employees 
or members of the management at a discount. As explained in Chapter 
29, some companies operate employee stores, canteens, or lunch count- 
ers where goods are sold as purchased. Parts, containers, and accessories 
may be purchased rather than manufactured. Examples are roller bear- 
ings, motors, carburetors, locks, tires, and tin cans. In all such cases, 
purchases may be made on the basis of brand, trade name, and consumer 
acceptance, as well as suitability for manufacturing. 

The purchasing department usually 
makes purchases of machinery, furniture, office appliances, and other 
types of equipment upon requisition from the department for which 
die items are intended. 

bis type of merchandise includes coal, fuel oil, cleaning 
supp^rfubricants, stationery, printed forms, athletic supplies, photo- 
graphs, and literature for use in employee and public relations. Such 
purchases should be made on the basis of suitability for the purposes, 
intended and of acceptability to the persons who will use the supplies. 


THE WORK OF PURCHASING 

In the purchase of materials and supplies, the first respoi 
~ archasing department is I ■“*“ „ yHr 32 

: also should keep ini 

tie at me prices quoted. It negotiates the purchase 
ranges for delivery dates, and follows up die purchase ord< 
die goods are received on the date wanted and are ava 
uie. It attend£ to the details of compiling quotations for 
ttidson contracts, checks the invokes of vendors, and carries 
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spondence with suppliers. It maintains records of bids received, prices 
quoted* and orders placed. 

A number of activities are d[psely related to the purchasing function 
and are sometimes considered a part of it. For example, production 
planning requires the 

meeur^ptioductton schedules. The derigh'Ot.ifeLp«*®^.«fS£fe^®^ 
tfc*fdgpend upon die availability m certain types 
of materials^ d^ aist, and the existence of standard materials, parts, 
and ^C0M60iies. : 3 > urchasing is closely related to other procurement ac- 
tivities, such as traffic management, the handling of incoming ship- 
ments, storeroom management, and inventory control. Purchasing 
should also be co-ordinated with the activities of the departments for 
which the purchases are made. 

Th* Tftntikg Of PurdtasM. The work of purchasing is affected by the 
way in which the timing of the purchase order and the schedule for 
deliveries into stock are determined. In some cases, a reorder point is 
established for certain items of materials that are regularly used. When 
the number of units on hand falls to the reorder point as a result of 
withdrawals, an order for an additional supply is placed with a vendor. 

For some types of material, a purchaser may place his orders for a 
stated amount for an entire year or season, and the exact dates for de- 
livery are arranged as the season advances or as the need arises. For 
example, a fruit or vegetable canning company may place its orders for 
cans or other containers for an entire year in advance. Likewise, it may 
contract with a grower for vegetables or fruits, which are delivered 
when the vegetables are mature or the fruits are ripe. Similar contracts 
may be made for paper, coal, cotton, fabrics, and other materials. This 
arrangement assures the seller of his markets and gives the purchaser 
a dependable source of supply. 

In some cases, the purchaser may contract separately for each order 
each project that is planned in production. For example, a building 
jr might order separately the doors, windows, structural steel, 
jbing supplies that would be used in each building or other 
-A garment manufacturer who plans for the production and 
ncy shirt or dress of a particular design might contract with 
manufacturer for the textiles of a specified color, design, and 
jit Some of the materials used in the manufacture of a shirt, 
id and buttons, might be purchased by the method of the 
at, while the fabric which would be used only in one season 
dropped from the purchasing program as soon as the one 
iias been placed. 
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A plan for purchasing in large quantities without regard to specific 
needs over a period of time might be followed because or the possibility 
of a price rise or an interruption to the flow of production resulting 
fronyi strike or other such difficulty. This plan might also be followed 
for materials that are imported from abroad where regular or prompt 
deliveries cangot always be anticipated. Examples are cork, industrial 
diamonds, ivory, coffee beans, and hemp. This plan of advance purchas- 
ing is particularly advantageous if the item is not a large percentage of 
the total cost of the product but is essential for production. The adop- 
tion of such a plan would be a question of ‘company policy. 

The work o f purchasing is uslally 
placed under the direction of an executive with the title of purchasing 
agent. This title emphasizes the legal position of the purchasing officer 
as legal respresentative of the company in making purchase contrails. 
The purchasing agent may report to the chief executive as the head of 
a major division, or he may report to the vice-president in charge of 
manufacturing. The position of the purchasing function in the organi- 
zation depends upon its importance to the enterprise. In some com- 
panies, such as meat packing, flour milling, or sugar refining, the cost 
of material constitutes such a large percentage of the total manufac- 
turing cost that purchasing assumes a major importance. A mining com- 
pany, at the other extreme, gets its raw materials from the ground and 
buys only certain supplies and equipment. In many companies, pur- 
chasing is placed in an intermediate position as a separate department 
but not a major division. . 

The organization within the purchasing department depends upon 
the extent of the activities for which it is responsible. If it handles only 
the purchasing function and none of the related activities of procure- 
ment previously mentioned, the principal activity would be that of let-’ 
ting purchase contracts. Each buyer under the direction of a purchasing 
agent would specialize in the purchase of a group of materials, such as 
finished parts, chemicals, and steel. The organization of the buying 
group would obviously depend upon the types of materials to 
chased. The buying group would be assisted by other sectipw.whidi 
would attend to clerical details. A price and vendor section woulthmain- 
tain price information and data pertaining to sources of .guppy. A 
clerical section would keep records and check invoices. Other-sections 
would follow up orders placed and prepare statistical research-reports. 
The organization chart of the purchasing function in a chemredmanu- 
facturing company is shown in Figure 54. This organizatH%;chart 
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FIG. 54. Organization for Purchasing in o Chemical Manufacturing Company 

also shows the place of the purchasing function in the general organ- 
ization of the company. 

In a multiplant company the principal question of organization for 
purchasing pertains to the extent to which purchasing is centralized. If 
each plant produces a different type of product, such as frozen foods, 
meats, or coffee, each plant may be permitted to make its own purchases. 
If all of the plants produce the same or similar products, such as shirts, 
wire and cable, or tin cans, purchasing is more likely to be centralized 
in the main office. 

Centralized purchasing is usually preferred if the plan is feasible. 
Buying can be done in larger quantities at lower prices and easier credit 
terms. Materials and merchandise are more likely to be standardized 
throughout the organization. During periods of short supply, when 
materials are allocated by vendors or are controlled by a governmental 
agensy^eentralized purchasing may afford greater assurance of an ade- 
quate ajqjply because the central office can devote more attention to 
negq$i||§|$s with vendors and to governmental regulations. Purchase 
commitments and inventory plans may be controlled by the main office 
in conformity with production plans and financial requirements. In 
times'cH^iice uncertainties, many companies have found that programs 
of. inventories were not closely followed by local purchasing 
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agents. The results of decentralized purchasing under such conditions 
can be disastrous. * 




iifc'Jfae „^tme 

Ki&f t eliminates duplication of managerial 
organization and permits the employment or development of specialists 
in commodities. The legal phases of the contracts will receive closer 

work of purchasing is primarily 
: ot a service to the manufacturing departments, and its 
relationship to them is similar to the relationship of the employment 
department and other service departments. The purchasing agent rpust 
buy the materials that are required to make the product in the standard 
design. He must have the materials on hand when they are needed in 
manufacture. The quantities of materials purchased are determined 
largely by the production plans and by financial plans as established by 
the budget. The principal authority of the purchasing agent pertains 
to the selection of sources of supply, although company policy may 
limit his authority in this respect. Because the purchasing department 
is established principally to serve other departments, it may be properly 
regarded as performing a staff function. 


PURCHASING PRACTICES AND POLICIES 

Thfc work of purchasing requires attention to several important ques- 
tions of practice and policy. The first consideration pertains to the issu- 
ance of a purchase requisition. If a perpetual inventory is maintained, 
£he inventory control group would issue the requisition when the supply 
on hand reaches the reorder point. The purchasing agent then selects 
potential sources of supply and issues a request for a quotation of 
price. After the quotations have been received and analyzed, 
source is decided upon with due regard for price, dependabil" 
vendor, transportation costs, and other factors. The purct 
then issued and a probable delivery date is established. To 
, livery on the scheduled date, the purchasing department } 
the order and traces the shipment if it is delayed. The 
inspected upon arrival, and the receiving report is checked^ 
invoice to verify quantities and quality of materials receive 
voice is also ccffnpared with the purchase order. If the invoii 
la all of Its detahs, it is approved for payment. 
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Some of the aspects of purchasing have been discussed elsewhere 
and do not require treatment at this time. Other purchasing practices 
and policies are treated in the following pages. 

Developing Sources of Supply. The purchasing department is re- 
sponsible for locating sources of supply, determining the relative ad- 
vantages of the possible sources, and developing good relations with 
vendors. The purchasing agent may learn of possible sources from ad- 
vertisements of vendors in trade magazines, interviews with salesmen 
who call upon him at his office, and advertisements or other solicitations 
received through the mail. He may also publish in newspapers and 
other periodicals a request for bids to be made by vendors, although 
this method has limited application. Frequently, engineers, research 
personnel, or others needing supplies and equipment may suggest 
sources of supply. In some cases, the purchasing agent may consult di- 
rectories published by technical societies or trade associations. The 
classified lists in the telephone book constitute another useful type of 
directory. 

The purchasing agent should strive to develop and maintain satisfac- 
tory relations jvith vendors after the initial contact has been made. The 
importance of good relations may manifest itself in prompt shipments, 
liberal credit terms, strict adherence to the specifications as set forth in 
the purchase order, advance information on price changes or material 
shortages, advice in planning for new developments in style trends, as- 
sistance in moving surplus stocks of materials, and in other ways. If 
supplies are difficult to get, the vendor may set up his own system of 
priorities and allocations with special advantages to customers who have 
dealt fairly with him. Such favors may sometimes be rendered by the 


salesman who calls upon the purchasing agent and sometimes by thtfcK 
personnel at the main sales office. *** 

Certain practices of the purchasing agent may result in a loss of the 


will of salesmen and the vendor whom they represent. He may 

N salesmen; he may require them to wait an unduly long 
ay fail to keep an appointment for an interview. He may 
ew short without permitting the salesman to explain his 
ther objectionable practice consists in asking the salesman 
se in the presence of other persons in the reception room 
: private office. He may ask for samples when he knows 
i will be placed, or he may tell the salesman that the com- 
i the market when purchases are being made. 

_ ctionable practices of the purchasing agent may be of a 
" serious nature. He may make unnecessary and 'unreasonable de- 
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livery requirements which would disrupt the orderly planning of pro- 
duction of the vendor. He may place speculative orders with the in- 
tention of requiring delivery if prices advance and canceling the order 
if prices decline. He may attempt to obtain a low price which does not 
afford a fair profit to the vendor. He may bargain for a lower price by 
playing one vendor off against another and by misrepresenting the prices 
asked or the terms offered by others. He may use a quoted price on an 
inferior article to drive down the price on a better one. 

Although the practices just referred to arp unethical, other practices 
may be even more objectionable. The purchasing agent (and his com- 
pany) might refuse to accept the delivery of merchandise ordered\by 
raising some objection of a technical nature. He might reject good mer- 
chandise by alleging that it does not meet specifications, and he might 
refuse to compromise or to arbitrate. Although such an act might afford 
a basis for a lawsuit, the vendor might permit the practice in order to 
avoid the costs incident to litigation. 

The practices of the buyer may be stated positively to indicate what 
he should do. He should be fair in quoting bids received from others, 
place orders far enough in advance to permit of delivery in the regular 
way instead of rush orders, and treat salesmen courteously and fairly. 
He should be fair in inspecting materials, accept delivery of goods 
ordered regardless of price changes, and be willing to arbitrate any 
differences. 

Selection of Vendor. The decision to place an order with a vendor 
wouldjilepend upon a number of factors of which the most important 
would%e the prices asked. In judging the price, however, the purchas- 
„ ing agent will take into account a number of related factors, such as 
c 4 , discounts for larger quantities, the time when the vendor will expect ■ 
'.^payment without penalty, the cash discount or other deductions from 
the stated price, and the point to which the shipper pays the freight or 
insurance or other costs (f.o.b. point). A high freight charge because . 
of a distant f.o.b. point, for example, may nullify the apparent 
tage of a low quoted price. 

Another factor is the reputation of the vendor as reported 'by^ $ther 
purchasers or as experienced by any one purchasing agent. Some Vendors 
ftiay ship materials differing from the goods ordered, and they may re- 
fuse to accept returns of materials. While such conduct may give rise 
to legal claims on the part of the purchaser, the better plafj'-is the 
avoidance of such difficulties whenever possible. 

Another closely related consideration is the reputation of the vendor 
for workmanship. If the vendor is recognized as the manufacturer of a 
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quality product, die purchaser may be assured that the goods will be of 
the quality specified in the order. If the ultimate consumer can identify 
the part or the accessory after it has been built into the product of the 
purchaser, the good will facilitates the sale of the final product. For 
example, the good will attached to the name of the manufacturer of 
plate glass or tires may be a factor in the sale of the automobile on 
which they are mounted. If the final product fails to give good service 
to the purchaser or consumer, the poor performance may react upon the 
reputation of both the manufacturer of the part and the manufacturer 
of the ultimate product. 

If the quality of purchased materials and parts is very important and 
tolerances are close, the purchasing agent may develop a rating for 
vendors which is based upon the percentage of items purchased from 
each source that fail to meet the prescribed standards. The development 
of such a rating requires the establishment of definite specifications, 
careful inspection of predetermined percentages of incoming materials, 
the keeping of records to show the quality of the items purchased from 
each vendor, and the computation of the rating. The rating may be 
used to determine the best sources of supply and to assist vendors in 
maintaining their standards of quality . 1 

In many cases, the amount the vendor can supply will enter into the 
decision to buy from a certain source. A low price on a small quantity 
ma y not be attractive if the vendor cannot provide sufficient materials 
to meet the requirements of the purchaser. The purchaser may at times 
buy his materials at a lower net price by placing the order for a large 
quantity with one vendor, even though a small manufacturer has quoted 
a low price on a small quantity. At times, however, a large manufac- 
turer may prefer to place many orders with small suppliers to develop 
many sources. This plan makes for good public relations and may 
assist the company in meeting the criticism of government agencies . 
which allege that large size is objectionable. 

V' itFbc gu ar antee of delivery when the goods are needed can be of great 
; il^ngt&ge to the purchaser in maintaining his own production sched- 
' iilcC.'^be vendor may be able to assure delivery on schedule if he 
inventory from which regular deliveries can be made or if 
he or more plants that are equipped to produce and ship the 

matejta^sSss ordered. Prompt deliveries may also depend upon the ex- 
tent to-idSch the vendor has regularized his production and his willing- 
nesstcilifee such corrective action as may be necessary to avoid or mini- 

'■ •» Vendors Boost Quality,” Factory Management and Maintenance, Vol. CXV, 

•mltr 11937), pp. 88-90. 



550' 


MANAGEMENT OF INDUSTRIAL. ENTERPRISES 


mize delays. Failure to make promised delivery dates may be due to 
labor difficulties, inability of the vendor to acquire materials fot his own 
production, poor production planning by the vendor, or the acceptance 
of new orders while a large volume of unfilled orders is on hand. 

The financial stability of the vendor may also be important. A pur- 
chaser who is interested in the development of a permanent source of 
supply would prefer that the vendor be sufficiently established and 
financed to assure stability. A vendor who is well established in the in- 
dustry may be able to assist the purchaser in anticipating the trend of 
prices or styles and in avoiding the difficulties incident to strikes, traffic 
congestion, and other developments. Some vendors may offer const 
tive suggestions for using overstocks of materials, eliminating wa 
reducing scrap, or improving the product. 

Reciprocal Buying. The purchasing agent may be expected to 
certain sources because the company buys from its own customers. For 
example, an automobile company may buy tires from a certain rubber 
company because the rubber company buys the automobiles of the first 
company. A company making office supplies may buy its machines 
from a company to whom it sells. A paint company may buy its linseed 
oil and other materials from companies that use its paint. This practice 
is known as "reciprocal buying.” Purchasing agents are usually opposed 
to the practice because they prefer to make their purchases on the basis 
of price, quality, or other details of the purchase contract. When re- 
ciprocal buying is practiced, the selection of vendors is made outside 
the purchasing department.. 

CoMmarcial Bribery. Commercial bribery is the name given to the 
practice of placing orders with a certain vendor because the purchasing 
agent has accepted gifts or "kickbacks” from the vendor. The purchas- 
ing agent should be entirely free to place orders with the best sources of 
^.supply. If he has accepted gifts from salesmen or vendors, he may be 
influenced, consciously or unconsciously, in the placing of orders. To 
free himself of any appearance of favoritism, he would do well 
dine gifts of any kind. Commercial bribery is illegal as 
method of competition under the provisions of the Federal T| 
mission Act of 1914, although actually die practice has 
continued. Somewhat less objectionable is the acceptance 
meat offered by salesmen, including gifts of liquor, dgars, .j 
theater tickets. Entertaining customers and giving snail 
legflly considered to be commerdal bribery. 

' What to Buy. The first question to arise in determining ' 
concerns which pacts or materials are tp be purchased and wh 
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are to be manufactured. Every business is required to purchase some 
parts or materials from outside sources of supply. However, some com- 
panies purchase so many parts, subassemblies, and accessories from 
others that they become largely assembly companies, while others make 
a much larger percentage of the parts they need . 2 

Manufacturing the part may be preferred policy if the parts can be 
made at costs that are lower than prices asked by vendors. The manu- 
facture of a part may also reduce the risk incident to an uncertain source 
of supply and may prevent an interruption of operations because of the 
lack of materials. Production of a part may make possible better plan- 
ning of work and better integration of the activities of the various de- 
partments, and quality may be more closely controlled. 

The purchase of a part may be an advantage if its manufacture re- 
quires a knowledge of specialized production methods or techniques, if 
a large capital investment is necessary, or if the quantity required by the 
purchaser is not large enough to permit low manufacturing costs. In 
some cases, parts or materials are purchased because the source of sup- 
ply is located in a limited geographical area within or without the 
United States or because the materials are manufactured from a deposit 
of a natural resource which is limited. Examples are magnesium, alu- 
minum, copper, lumber, and industrial diamonds. 

Another question concerns the kinds of materials to be purchased. 
The specifications of materials are determined as a part of the work of 
the development of product design. As long as the product is made in 
the same design, the same kinds of materials may continue to be pur- 
chased. However, the question of materials specifications might be re- 
considered if new materials become available, if shortages of certain 
materials develop, or if economies in production can be realized from 
changing the specifications. The specifications for manufacturing sup- 
plies can be changed without any effect upon the specifications of the 



e commodities are purchased by brand or trade name, some by 
id some by specifications. Many commodities may be pur- 
commercial grade, as established by the National Bureau of 
te American Standards Association, or other agencies. The 
ications or the designation of a commercial grade in the 
purchases affords several advantages. Unless such specifica- 
in connection with bids received from vendors, the pur- 
no reliable basis for comparing the bids. When the goods 

C. Higgins, "Make-or-Buy Re-Examined,” Harvard Business Review, VoL 
>. 3 ( 1955), pp. 109-19. 
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are received, the purchaser has no assurance that the material received 
from the vendor is of the quality ordered unless the contract was defi- 
nite in this respect. Inspection of incoming materials is simplified when 
the goods received can be compared with a definite standard! Quality 
standards for production are more easily maintained if the same grade 
of materials is always used. If nonstandardized materials are used, 
manufacturing costs will probably be increased even in those cases 
where the quality standards of the product can be maintained. 

Some incidental advantages may result from the use of specifications. 
The use of standard commercial grades may permit the purchaser to 
limit the varieties of materials carried in the storeroom and to reduce 
the dollar value of the total inventory. Turnover of inventory is in- 
creased, and clerical expense of purchasing, receiving incoming ship- 
ments, and maintaining inventory records is reduced. The use of stand- 
ard materials also aids in the operation of a standard cost accounting 
system and in the establishment of production standards through mo- 
tion and time study® 

As explained in Chapter 16 , some variance in the quality of the prod- 
uct of any company is to be expected. In most materials, some dimem 
sions or other qualities are important and the requirements must be 
rigidly adhered to. Some qualities are less important, and greater toler- 
ances may be permitted. The quality characteristics of a material or 
part have been classified as critical, major, and minor. A critical char- 
acteristic is a quality that vitally affects safety and requires complete 
adherence to specifications. A major characteristic is less important but 
significantly affects the service, life or appearance of the product. The 
product must possess a high degree of adherence to specifications in re- 
gard to major characteristics. A minor characteristic is less important, . 
and the product is required to possess only a general adherence to 
specifications in respect to such characteristics. 

Inspectors and vendors should be instructed as to the characteristics, , 
which the purchaser considers as critical, major, or minor. The dag$i§- ’ : 
cation adopted by the purchaser may be affected by the diffiq ffiiy fff 
vendors in meeting close tolerances. To appreciate the difB$£j|jiig$ C>f 
manufacturing according to specifications, the purchasing ag^T&ould 
have an understanding of machines and processes of producfjifti.' One 
advantage of buying from two or more sources of supply fj£gti£t the 
purchasing agent may acquire a better understanding of expected or 
permissible variances in quality. 

*]. M. Jva «», "Teft Basic Tools to Control Vendor’s Quality," Factory Managamaf jmi 
Maintenance, Vol. CXIII, No. 3 1 1955), p. 126-29. 
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Checking for Quality. The purchaser may inspect 100 per cent of 
the items in a shipment, or he may determine the acceptability of a lot 
by sampling. Inspection by sampling requires the vendor to take a 
calculated risk that good lots may be rejected if the sample is not suffi- 
ciently large to permit a proper determination of the quality of the 
entire lot. If the risk is substantial, he will demand a higher purchase 
price for the materials. The buyer is therefore interested in seeing that 
the sample is sufficiently large but not too large. The risk of rejection 
because the sample is too small is called the producer’s risk. 

The maximum number of defective items in a lot which the buyer 
will permit is the lot tolerance percentage defective. If the sample is 
too small, the buyer may accept a shipment with more than the per- 
missible number of defectives. This possibility is called the consumer’s 
risk. 

The buyer and the seller may protect themselves by agreeing upon a 
sample size and the permissible number of defective items in the sample. 
For example, they may specify a sample size of ten and an acceptable 
number of three. If the sample is found to contain three defectives or 
less, the lot is accepted. If it has four or more, the lot is rejected. The 
contract may provide for the inspection of a second sample if the first 
sample is found to contain more than the acceptable number of defec- 
tives. The proper size of the sample and the permissible number of 
defectives are determined by the use of mathematical formulas. 

How Much to Buy. The quantity to purchase will depend in part 
upon the nature of the manufacturing processes and the relations with 
customers. If the company manufactures the product in a limited num- 
ber of designs, the need for materials can be anticipated and the pur- 
chases can be planned to meet the requirements for production. In a 
job shop which manufactures the product to fill the order of each cus- 
tomer after the order has been received, materials and parts might be 
purchased as they are needed, or a supply of standard types of materials 
awght be kept on hand to fill most orders. For example, a company that 
fijadttfactures office forms and other office supplies could keep a supply 
of~pi|aGf and carbons in a few qualities and sizes. A company that 
mald^iadiato rs for automobiles of current or older models could keep 
the materials commonly used. 

Tjbfc:Ji»chasing agent may attempt to buy large quantities of stand- 
aid because the price is believed to be low. In such cases, pur- 

dias^jie made in anticipation of requirements at an indefinite future 
time^ infthout regard to immediate heeds. This practice is known as 
"spia&lative buying.” 
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Speculative buying is widely practiced during a period of rising prices. 
The practice may be justified not only because a speculative profit may 
be realized from the advance in prices but also because it may make 
continuous operation of the plant possible during periods of short sup* 
ply. However, speculative transactions may result in losses instead of 
profits; and excessive purchases may cause additional expenses to be in- 
curred for storage, handling, insurance, and interest. In some cases, 
materials may decrease in value because of deterioration. Merchandise 
purchased on a speculative basis may become unusable as a result of 
changes in the design of the product. Many companies consider that, as 
an established policy, speculative buying is not sound. \ 

The profits realized or the losses sustained from speculative buying 
may be entered in the accounting records and shown separately in me 
profit and loss statement. This result is accomplished by, first, recording 
the purchases in the general accounts and in the balance of stores records 
at cost and, second, charging purchases to operations at market prices 
prevailing when the materials are issued for use in production. The 
difference between cost and market price at the date of issuance is 
recorded as Gain or Loss on Purchases of Materials. 

Forward buying differs from speculative buying in that the purpose 
is to achieve some advantage other than an increase in the price of the 
materials. Future needs might be anticipated in order to build up a re- 
serve stock and avoid materials shortages. This practice might be fol- 


lowed for materials which are low in price but essential to production. 
These materials, called key materials, might be stocked in quantity 
when they are available and when shortages are anticipated because of 
transportation difficulties or for other reasons. Future needs for ma- 
terials might also be anticipated to obtain the advantages of quantity 
discounts or to reduce freight charges that would be required on small 


shipments. Forward buying obviously involves risks. 

Hand-to-mouth buying is the opposite of speculative buying. In- 
ventory is kept as low as possible without interrupting current OMj£|ji 
tions. The purpose is to avoid the costs incident to the carg|^^P 
large quantities of materials and the possible losses due to 
dines. Many companies adopt this plan during periods 
commodity prices. 

Hand-to-mouth buying may result in definite advantages..' 
meat irt Inventories is lowered, and less inventory space is 
ventorv losses are minimized in case the design of the 
dunged. If new and more desirable types of materials are^^Hg% 
the market, the specifications or grades of material are mofPj|§gl|y 



PURCHASING 


555 


changed. Furthermore, the purchaser has more frequent contacts with 
vendors and keeps informed of market developments. 

Some objections can be made to the plan of hand-to-mouth buying. 
Quantity discounts may be sacrificed because prices on numerous small 
quantities may be higher than on fewer orders for large amounts. 
Freight charges are higher. Clerical expenses in placing orders, receiv- 
ing shipments, checking freight bills, inspecting materials, and account- 
ing for purchases are increased. Because similar expenses of vendors 
are increased, a certain amount of vendor ill will may be engendered. 
Any interruption in the flow of incoming materials may result in delays 
in production. If large orders are received unexpectedly from cus- 
tomers, deliveries may be delayed. 

For most companies, purchases should be made in economical quanti- 
ties and inventories should not be excessive. However, the practice de- 
pends in part upon the material and the conditions in the market. The 
amount to be purchased at any one time should be increased during 
periods of expanding business to provide for the increased rate of con- 
sumption of materials. 

The Purchase Order. In the making of purchases, a contract is ne- 
gotiated between the purchasing agent and the sales representative of 
the vendor. The contract results from the making of an offer by one 
party and an acceptance by the other. The offer may be made by either 
the buyer or the seller, and the acceptance may be made by either party. 
The manner in which the contract is negotiated may become an im- 


portant matter if a misunderstanding should arise concerning such 
details as quantities, quality, the payment of freight and insurance, and 
credit terms. To avoid misunderstandings, the purchase order or the 
sales contract should indicate the person who is making the offer and 
the person who is to accept, as well as the terms of the contract. 

Although the purchase-order forms used by many firms do not 


any conditions other than quantity and price, the forms fre- 
indude a number of conditions. For example, some firms pro- 

i elves as to prices by specifying that the material cannot be 
i price higher than the prices charged on the last shipment, 
jxges will be allowed for crating or boxing, and that no dray- 
fes can be made by the seller. The purchaser may protect 
i to quantity by specifying that the acceptance is contingent 
sction and that in case of rejection for quality no replacement 
de by the seller until another order has been received from 
er. Other clauses might be included to protect the buyer against 
infringement of patents or copyrights by the seller, to assure 
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that excess quantities will not be shipped by the seller to be charged 
to the buyer, and that the seller will not draw a draft against the buyer 
to obtain payment. 

One-Year Contracts. Some materials may be bought on contracts 
covering the requirements for as much as one year in advance. A con- 
tract of this kind would provide that for the stated period the vendor 
will supply on reasonable notice the full requirements of the purchaser, 
however large or small his needs may be. The contract relieves the 
buyer of the necessity for making any commitment for materials beytond 
the exact quantities he needs. He may order the materials on any time 
schedule according to the requirements of his business. The price is 
varied to allow for changes in material and labor costs of the vendor. 
With this type of contract the customer is assured a constant cost of 
material purchased. The advantage to the vendor is that he may under- 
take research or development work and may expand production facili- 
ties with reasonable assurance that the product can be sold at a profit. 

One-year purchase contracts may contain a clause which permits the 
price to be increased or decreased if market prices change prior to the 
date of the delivery of the merchandise. Such a contract is legal, pro- 
vided that it indicates the conditions under which the price is to be in- 
creased and defines the standard or formula by which the amount of 
the increase will be determined. The increase in price should be auto- 
matic, and it should not require further discussion between the parties. 
A vague clause which provides for a change in the purchase price on the 
basis of time studies or a cost analysis cannot be enforced at law. In 
deciding a controversy between two parties who had made a contract 
containing a tentative price schedule which was to be revised on the 
basis of a cost analysis, the court said: 

The cost analysis furnished only the basis for negotiation for a final revision of 
the prices — it did not provide an acceptable standard by which the court could 
give effect to the intention of the parties. . . . The prices stipulated were tenta-- 
tive and temporary, but they prevail until revised through the medium of '• 

mental contracts. The parties could not mutually agree upon terms of 
mental contract, and we cannot make one for them. 4 

•* tt 

Formerly, some companies negotiated contracts covering &ek re- 
quirements for as long a period as five years. However, long4ta*n con- 
tracts are questionable as to legality because they may bttSpjitii# , to 
constitute violations of die antitrust laws. The objection of tht^courts 
arises from the '-fact that other sellers are excluded from a part ojf ffee 
'* Aircraft Corporation v.'Rass, 155 Bed. (2d) 615 (1946), 



PURCHASING 


557 


market as long as the contract remains in effect. In some industries, 
contracts are illegal if they require the purchaser to limit himself to one 
source of supply for a period of more than one year.® 

INFORMATION USED IN PURCHASING 

The clerical section of the purchasing department compiles various 
types of information for use in placing orders and in following up 
scheduled deliveries. The data used in placing orders would include 
files of catalogues, price quotations, and bids received. Records of pur- 
chases would show materials ordered, vendors with whom orders were 
placed, and purchase-order numbers. Orders currently outstanding are 
controlled through a follow-up file. 

The principal problem in the maintenance of records and files in the 
purchasing department is the arrangement of catalogues, quotations, 
and price lists received from vendors in a form that makes possible the 
quick and easy location of quotations on any material desired. Unless a 
systematic plan of filing is followed, obsolete catalogues and quota- 
tions will accumulate; and much time may be lost in searching for 
information when it is needed. The choice of a filing system depends 
upon the size of the department and the amount of material to be filed. 
The following methods are used: 

1. Catalogues and price information may be filed alphabetically by 
name of vendor. One file may be maintained in bookcases for large 
catalogues and leaflets. 

2. The alphabetical file may be supplemented by a commodity file. 
In the commodity file a folder is kept for each commodity. A sheet 
which is inserted in each folder lists the sources of supply, as contained 
in the catalogue file. The commodity file serves as a cross reference 
and is used in connection with the catalogue file. 

The catalogues and sales literature are filed numerically. Folders 
" jcjjBsed for small, thin pieces of literature. Each catalogue or folder 
isgwta-a number. A card index, with cards arranged alphabetically, 
is useeBtO show the name and address of each vendor and the number 
of theooRaiogue of the vendor in the numerical file. 

4. Information pertaining to vendors is filed in cases or cabinets as 
it is «^feed and is located by reference to an alphabetical index. The 
indexctei indicates the case, drawer, and folder number in which the 

States v. American Can Company, $7 Fed. Supp. 18 (1949). 
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information is filed. For example, the file number 4-3-S4 might indi- 
cate: 

4 Number of filing cabinet. 

3 Number of drawer in cabinet number 4. 

5 Guide letter in drawer number 3. 

4 Fourth catalogue behind guide S. 

Adaptations of these methods are frequently found in practice. The 
essential requirement of any filing system is that the purchasing agent 
or the file clerk be able to locate quickly the catalogue of any vendor 
and the sources of supply for any commodity when the information is 
needed. The files should be reviewed regularly to eliminate obsolete 
information and to add supplementary information. 

QUESTIONS 

1. Is purchasing a staff function or a line function ? Does it serve the manu- 
facturing departments, or does it receive services from other departments? What 
difference does this distinction make? 

2. Is purchasing a major or a minor function ? Discuss with reference to par- 
ticular industries. 

3. When the various departments use the same kinds of materials and sup- 
plies, what economies may be gained by centralized purchasing? 

4. To what extent can the purchasing agent determine when to buy, where to 
buy, what to buy, and how much to buy? Should he have complete authority in 
all four types of problems? 

5. Contrast hand-to-mouth buying with forward buying in large quantities. 
Under what conditions would each method be desirable? 

6. Mention materials or parts that might be purchased to meet specific re- 
quirements and upon receipt be moved directly from the car or truck to the 
production line. 

7. If materials are purchased only upon specifications, is the reputation of the 
vendor for quality important, or should the vendor be selected on the basis of 
other qualifications? 

8. Explain different ways- of determining when to 

9. For what reasons might an order be placed with a supplier 
lowest bidder? 

10. How can the purchasing agent distinguish between small 
from a vendor that are permissible and the larger gifts that 
bribery? 

11. What considerations enter into the decision to buy or to 

12. How can the buyer afford to accept a shipment from a 
inspecting the entire lot? Illustrate. 

1|; What advantages might be gained by contracting for supplies 
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for a period of five years in advance? Why do the Department of Justice and 
the Federal Trade Commission object to the practice? 

14. How does integration affect the planning of production and the pur- 
chasing and sales programs? 


CASE 

65. PURCHASE PROGRAM FOR BULK MATERIALS 


The General Specialties Company makes a varied line of metal products prin- 
cipally for the order of the customer. When the company was first organized, the 
plant manager permitted each foreman to requisition cleaning supplies, oil lubri- 
cants, coatings, solvents, thinners, paints, lacquers, and other such supplies. The 
foremen requisitioned by brand name the products with which they were familiar. 
Upon receipt of the supplies, they were sent to the foreman who had requisitioned 
them. As a precautionary measure, the plant manager himself requisitioned re- 
serve stocks of some items which were placed in the general storeroom. These 
supplies were issued in case a foreman had failed to order a certain item or 
needed a supply in an emergency. 

The system for the purchase of supplies was found to be costly in several re- 
spects. After the plan had been in operation for five years, the plant manager 
found that the company was buying 750 different items for cleaning, lubricating, 
painting, and other such purposes. Of these items, 75 were used for cleaning. 
Inspection was limited to the checking of the brand name and the counting of the 
number of containers. Chemical tests in the laboratory were not attempted be- 
cause chemical composition was not specified in the purchase order. Prices of 
supplies varied considerably for items believed to be similar, although price com- 
parisons were uncertain because composition was unknown. Quantity buying and 
planned purchases were not possible. Inventories were excessive. Frequently one 
department would be lacking in an item which was available in another depart- 
ment. Some of the supplies were much more effective and satisfactory in use 
than others. 


To correct the situation, the plant manager and the purchasing agent agreed 
upon a study of the problems of bulk purchasing. First, they classified the sup- 
plies into five groups: lubricating supplies, waxes and coatings, paints and dyes 


I lacquers, and thinners), cleaning supplies and solvents, and 
group of items was studied to determine which kinds of supplies 
ed to meet the requirements of the various departments. The 
plant chemist enabled the company to establish chemical specifi- 
rind of supply that was to be stocked. A symbol was assigned to 
major classifications, and additional symbols were added to indi- 
tr item within the group, according to the method of mnemonic 
>r example, a particular shade of blue inside paint in one-gallon 
lesignated as PI3B1. Requisitions and other forms designating 
give the mnemonic symbol. All supplies would be kept in the 
i until they were requisitioned for use in a particular department. 
^ le plant manager and the purchasing agent found that some of 

^leaupplies formerly used had required an excessive amount of labor cost in use. 
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For example, some cleaning supplies had requited several applications in addition 
to scrubbing with a wire brush. The new item now to be used in all departments 
required merely spraying on the cleaning agent, permitting to stand eight minutes, 
and rinsing with warm water. In some cases accident hazards had been created 
by the use of highly combustible supplies. Some of these items were eliminated, 
and others were made subject to careful control. Other items that were found to 
create difficult problems of waste disposal were dropped. To supervise future 
additions to the authorized items and to eliminate items found to be no longer 
needed, a committee of plant management personnel was established. The mem- 
bership included the purchasing agent, the plant manager, the maintenance man- 
ager, die accident prevention manager, and the c^jaf chemist. 1 

Questions: 

1. What are the advantages of the new system? 

2. What difficulties might be encountered? 



CHAPTER 


31 Inventory 
Standards 
and Control 

T HE materials used in the manufacture of the products of 
industry as a whole amount to 50 or 55 per cent of the total cost to 
manufacture. Because of its importance, much attention is usually 
given to the problem of inventory control. Effective control requires the 
setting up of procedures for the handling of each of the kinds of in- 
ventory, which are purchased parts, materials, supplies, and finished 
goods. The work in process of manufacture is also controlled through 
a system of production planning and control and a cost system, which 
will be considered in later chapters. 

Purpose of Inventory Management. Effective inventory control 
should assure that stocks of materials and parts are not excessive. Large 
inventories result in the increase of certain carrying expenses, and the 
inventory may be subject to deterioration and obsolescence. However, 
the inventory should be maintained at a level that will prevent delays 
in production because of lack of materials of proper quality. Inven- 
tory control should also be designed to prevent waste of materials 
t&ifegh carelessness in handling, dishonesty, or poor workmanship in 
processing. Inventory control should also yield information that may 
be financial planning. Such information includes the cost of 

mateo&isqaer unit of product as well as total cost, supplies used in each 
departatthf, inactive and obsolete materials in the storeroom, and value 
of invenlipes for purposes of the balance sheet and the profit and loss 

1 For ^Sliussion of various phases of inventory control, see John F. Magee, "Guides to 
Inventory Policy: Functions and Lot Size,*’ Harvard Business Review, Voi. XXXIV, No. 1 
pp. 49-60. 
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Good inventory management requires that attention be given to 
several phases of the problem. The kinds of materials to be used in 
production should be determined, and the specifications should be 
established. This phase has been previously discussed in connection 
with product design and purchasing. Standards may also be established 
for the quantity of materials to order for each item in stock. However, 
the management may decide upon a program of speculative buying if 
price increases appear to be likely. Control should also be established 
over methods and procedures for receiving, inspecting, storing, issuing, 
and moving materials. Such control might 'require that detailed records 
of the various activities be maintained. \ 

Standard Quantities. Four standard quantities for inventory should 
be distinguished. The maximum is the largest quantity of any material 
that should be on hand at any time. It is the upper limit for the inven- 
tory of any item. The theoretical maximum would be the quantity on 
hand at the time the order is placed plus the usual amount ordered at 
one time. However, this maximum would be reached only when no 
items were used during the period while the additional supply was on 
order but prior to receipt. The anticipated maximum would be the 
amount on hand when the order is placed plus the amount ordered 
minus the anticipated withdrawals prior to the receipt of the new 
supply. 

The minimum is the smallest quantity of tiny item which should be 
on hand at any time. It is the quantity which is considered necessary 
for emergency or unusual demand. The supply may go below the mini- 
mum if material used is greatly increased or the delivery of materials 
purchased is delayed. The minimum is sometimes referred to as the 
"margin of safety.” 

The reorder point is the quantity on hand when a purchase order 
should be placed with a vendor for an additional supply or a production 
order should be issued to the factory for manufacture of a product, 
finished part. The reorder point is established at -that quantity^ 
is believed to assure that the supply will not be exhausted 
tional materials can be received. The reorder point would i 
the' average consumption during the time required to pla 
and to receive the additional supply into stock, plus the marg 

The quantity to order is the economical quantity of aj 
part to purchase. The quantity to manufacture is the i 
tity to manufacture in case a part or a product is manufac 
or for stock. '-When this quantity has been determined, all ’ 
with vendors or production orders issued to the 
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are for the standard quantities. The standard quantity to order is 
revised when market or other business conditions change. 

The relation of the inventory quantity standards to each other are as 
follows: 

Reorder point + Quantity to order = Theoretical maximum. 

Reorder point — Average consumption during the 
order period = Minimum. 

Minimum + Quantity to order = Anticipated maximum. 

Determining the Quantity to Order. If materials are purchased for 
use in manufacturing goods to fill the order of the customer, the quan- 
tity to buy might be the amount needed for the one production order, 
with perhaps an allowance for spoilage and for defective items that 
might not be accepted by the inspector. In case this quantity is not 
sufficiently large for an economical purchase, a larger quantity might 
be purchased and the excess held for future orders of customers. How- 
ever, this practice would usually result in waste because a variety of 
types of unusable materials would soon accumulate in the storeroom. 

For materials that are bought by specification and that are used in 
making the product in standard designs, the manufacturer should estab- 
lish a standard quantity to order. Such a standard is affected by many 
factors, some of which relate to all commodities in the inventory and 
some of which relate to the individual items. The more important 
factors which should be considered in determining the quantity to pur- 
chase are as follows: 


I. General factors affecting the entire inventory 
General business conditions 

Possible labor troubles of vendors 
Shortages of supply in the markets 
Transportation difficulties 

The probable trend of prices upward or downward 
Prospects and plans for the individual business 
t Advertising and sales promotion plans 

acial resources available for investment in inventory 
age facilities and materials-handling equipment available for storing 
Aerials 

ble revisions in the design of the product 
and prospects of competitors 

ting to individual commodities in the inventory 
costs of placing the order 
required in the storeroom and cost of space 
ble deterioration in quality 
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Possible obsolescence due to changes in the design of the product or simpli- 
fication and standardization of materials 
Rate of consumption of the material 
Freight and drayage on large and small quantities 
Quantity discounts allowed by vendors which may result from manufactur- 
ing or other economies in the plant of the vendor 
Cost of material and investment required 

When a company produces parts or materials for stock, many of the 
same considerations affect the economical quantity to manufacture. 
However, manufacturing quantities are especially affected by the cost 
of adjusting the machine for varieties of styles or sizes and bv the 
clerical expense required for the issuance of factory orders and for 
following their course from department to department until their Com- 
pletion and transfer to the finished goods storeroom. Labor costs\are 
also increased when workers are required to make frequent changes 
from one order to another. 

Some unit costs which affect the quantity to order increase with the 
size of the purchase order, and other costs decrease with the size of the 
order. Costs which tend to increase with the size of the order are: 

Storage cost. 

Interest on investment in inventory. 

Insurance against fire and other hazards. 

Possible spoilage or deterioration. 

Possible obsolescence. 

Unit costs which tend to decrease with the size of the purchase order 
are: 

Invoice price per unit, because of quantity discounts. 

Clerical cost of placing the order, follow-up, inspection, approving the order 
for payment, and accounting. 

Freight and drayage. 

, V’.' 

Since the total cost of materials is the sum of the" various elements of 
cost, the problem is that of determining the lowest total cost. . JJumer- 
ous formulas have been devised for computing the most economical 
size of the purchase order. One method is to compute for eac&item or 
each of several representative items the total cost for the year,on die 
assumption that orders are placed for varying quantities. To tjhstrate, 
if the total purchases for the year are $10,000, one older aright be 
placed for $10,000, two orders might be placed at different times for 
$5,000 each, dr. twenty orders might be placed for $500 each. The 
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costs with varying quantities might be as shown in Table 4. The 
margin of safety is omitted from this tabulation because it is constant, 
regardless of the size of the order. This table indicates that the lowest 
total cost is realized when four orders per year are placed for $2,300 
each. 

TABLE 4 


Cost of Materials with Varying Sizes of Purchase Orders 





Number of Orders 
per Year 




1 

2 

4 

8 

10 

20 

Size of each order 

$10,000 

$5,000 

$2,500 

$1,250.00 

$ 1,000 

$ 500 

Average inventory 







of the item 

5,000 

2,500 

1,250 

625 

500 

250 

Discount for quantity. . 

5% 

5% 

4% 

3% 

1% 

None 

Cost of merchandise. . . 

$ 9,500 

$9,500 

$9,600 

$9,700.00 

$ 9,900 

$10,000 

Interest, insurance, and 
storage (10% of 







average inventory) . . 


$ 250 

$ 125 

$ 62.50 

$ 50 

t 25 

Clerical, $5 per order. . 

$ 5 

$ 10 

$ 20 

$ 40.00 

$ 50 


Total cost for year. . . . 

$10,005 

$9,760 

$9,745 

$9,802.50 

$10,000 

$10,125 


The method of determining quantities to order as explained in the 
preceding paragraphs can be used effectively when the rate of use of 
the material is fairly uniform throughout the year. If material con- 
sumption varies, or if the consumption is concentrated in a few months 
of the year, the purchases should be planned for delivery at or before 
the time when the material will be needed. In such cases the quantities 
to order cannot be safely based upon past usage. If the standard quan- 
tities to order are not revised as conditions change, shortages of many 
materials will continuously develop. In periods of decreasing usage, 
inventories are likely to be too large. 

The size of the quantity to order is rejected in the inventory of the 
jt$m, Frequent reorders will result in more rapid turnover, and fewer 
qaliSHLplaced will lower the rate of turnover. The costs of procure- 
men i thyrease as the company attempts to turn its inventory more rapidly 
becav^'TOPre orders must be placed, more invoices checked, more ship- 
ments’.issaMved and inspected, and more payments made. However, 
carrying charges decrease as turnover is increased because the average 
inventorjr;nn hand is smaller, and carrying charges increase with a 
slower rate o£> turnover. The effect is shown graphically in Figure 55. 
The distance between the base line of the chart and the line AB repte- 
serrts the varying costs of procurement with changes in the number of 
turnovers per year. The distance between the line AB and the line CD 
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HO. 55. Varying Co.t, According Turnovar 


CD and the base bnerepresSts dlstance betw «n the line 

and the carrying charges The chart f!r ° ^ C ° StS of P rocurem ent 
«nted in the chart, fte iowtt ^ f* for item «pre- 

turned five times per year * achieved when inventory is 

"* r ^ ^ 
Who is familiar with production “ S ° me 0ther executive 

of usage during the next fe* w |«ks Thfs t?”*? **“ prob f ble rate 
week the purchase orders currently m k € ? Cecutlve authorizes each 
person in drarae of iZn„ *° be P Iaced - p or his use, fe.. 

r® ,5“.* 
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the quantity consumed in production during the period required for 
delivery by the vendor, plus a margin of safety. To illustrate, assume 
that 40 days are required for delivery and that the average usage for 
40 days is 400 pounds. If the margin of safety is 50 pounds, the order 
for an additional supply should be placed when the quantity on hand 
has reached 450 pounds. The margin of safety is designed to provide 
for fluctuations in the rate of usage and for slight delays in the receipt 
of the merchandise ordered. 

The established reorder point may be observed during periods when 
usage does not vary greatly from one month to another and stable con- 
ditions in the market afford an assurance of deliveries in the time 
allowed. If the rate of usage varies greatly, or if the market in which 
the goods are purchased becomes unsettled, the reorder point may be 
changed. Some companies, following the plan previously explained, 
provide that an executive who is familiar with production plans review 
each week the quantities on hand and the current rate of usage to de- 
termine the proper time for placing the purchase order. 

The Balance of Stores Record. Most companies that handle many 
varieties of materials find a perpetual inventory record to be desirable. 
Such a record is called a "balance of stores” or a "stock record.” A card 
record is kept for each size, style, or other variety of materials in stock. 
The record shows the following information for each item: 

Quantity on order. 

Quantity reserved for production orders planned ahead. 

Quantity received into stock. 

Quantity issued from the storeroom. 

Quantity available for other orders. 

Bin balance. 

A form of the balance of stores record is shown in Figure 56. The 


STOCK RECORD 


FART NO n~436 REORDER POIN T 150 QUANTITY TO ORDER JW0. 


J ww 

REFERENCE NO. 

ORDERED 

RESERVED 

RECEIVED 

ISSUED 

AVAILABLE 

UNBALANCE 

g*/49 

INVENTORY 





200 

200 


PBS 


90 



150 

200 


Ptt 




80 

70 

120 


V12S0 

200 







F«5 




50 

70 

70 


vmo 



200 


270 

270 

W - 

















FIG. 56. Balance of Stores Record 
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method of maintaining the record may be observed by studying the 
entries made in it. When material is reserved for work planned for fu- 
ture production, the quantity is entered in the column headed Reserved. 
The amount is also deducted from the balance available. Quantities 
issued are entered in the Issued column and deducted from the Bin 
Balance. Receipts are entered in the Received column and added to 
the Bin Balance. Purchase orders are entered in the Ordered column 
as memoranda. The quantities on order are not added to the Bin Bal- 
ance until they are received. For cost accounting purposes the form may 
be enlarged to show cost prices as well as- quantities. ( 

Pricing of Materials Issued. When materials are issued from the 
storeroom on requisition, their cost is deducted from the inventory bal- 
ance. Their cost is also entered in the cost accounting records as\ma- 
terial cost of goods in process of manufacture. Supplies issued for^use 
in a line or staff department are also deducted at cost from the inven- 
tory balance and are recorded as an expense of that department. The 
cost of the materials or supplies issued may be determined by any one 
of several methods. 

The first-in, first-out method is based on the assumption that the ma- 
terials first received are the first to be issued. The materials received 
and charged on each invoice are charged out from the inventory at the 
price stated on that invoice until the lot has been exhausted. Material 
issues are then assumed to be issued from the next lot received at the 
invoice price of the second lot until that lot is exhausted. The units on 
hand at any time are assumed to be the units last purchased because all 
issues of materials have been made from the earlier issues. 

The last-in, first-out method of pricing is based on the assumption 
that the last units received are the first to be issued. Materials issued 
from stock are charged out at the cost of the latest shipment received 
until that lot is exhausted. The next issues are then made from the next 
order preceding, provided the materials in that order were not pre- 
viously issued. This method is designed to charge goods manufactured 
with the prevailing costs of materials instead of with costs whiRbpBWy 
have been paid for materials at a much earlier date. ,%}$&& ' 

The moving-average method requires that an average unjt^eost be 
computed for all units on hand when an order is received into" stock. 
This average price is used to record issues of materials until a new ship- 
ment is received, when a new average price is computed. T&is process 
is repeated each time an additional shipment is received. 

. The effect of the method of charging materials depends upon the 
direction and die extent of changes in prices in the market. When 
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prices are rising, the first-in, first-out method results in charging ma- 
terials at lower prices than either of the other methods because the 
materials first purchased were bought at the lowest prices. The result 
is a lower figure for the cost of goods manufactured or a lower operat- 
ing expense in the case of supplies. Likewise, this method results in a 
higher value of the materials in the inventory because the units on hand 
are assumed to be those last purchased. When prices are declining, 
the first-in, first-out method gives a higher cost of materials used, a 
higher cost of goods manufactured, and a lower profit. This method 
accentuates the effect of fluctuations in profits as prices rise and fall. 
The amount of fluctuation depends upon the period of time that 
elapses between the purchase of the materials and their use in produc- 
tion. If a small inventory is carried and materials move rapidly into 
production, the effect of this method of pricing in comparison with 
other methods is not great. If the usual inventory constitutes several 
months’ supply, the effect would be substantial. 

The last-in, first-out method of pricing tends to keep the cost of ma- 
terials abreast of current price trends. Materials are priced at a figure 
that reflects more closely the market conditions at the time they are 
used in production. Costs tend to advance as selling prices are increased 
and to decline as selling prices are decreased. The effect is a smaller 
fluctuation in profit as a result of changes in business prosperity or de- 
pression. 

The moving average has an effect upon profits and inventory valua- 
tion that is intermediate between the other two methods. A practical 
objection to the moving-average method is that it requires additional 
clerical work. 

QUESTIONS 

1. Should the inventory records be kept by the purchasing agent, the cost 
. accounting department, or the person in charge of the storeroom ? Justify your 

answer. 

2, ' -What constitutes good management of the stores inventory? 

■ . rWho should be responsible for determining the specifications of materials 
' tt> ' te:$f&faased ? For determining quantities to order? For the handling of 
mcomtf^Jgiaterials ? 

4. Bo^lt^he budget or the financial strength of the company enter into the 
determkdfigfof the quantity to order? 

5. Whit expenses are increased when large quantities are ordered each time? 
What eipenses are decreased? 

6. T&S the development of faster methods of communication and transporta- 
tion affected buying and inventory practices? 
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7. How does the method of pricing issues from stores affect the profits and 
the value of the inventory in a period of rising prices? What is the effect in a 
period of declining prices? 

8. Should a company reserve materials now in the storeroom for use in proces- 
sing orders planned but not yet started in production? How can such a reserva- 
tion be made? 

9. Should the balance of stores record show both quantities and prices? Why? 

10. Should the balance as shown on the balance of stores record indicate the 

number of units in the storeroom, or should it show the quantity available for 
future orders? 

CASES 


66. AAATERIALS CONTROL PUN 


s, motors, 
iard.«^ and 


The Consolidated Electronics Company manufactures electronic tubes, 
automatic signaling devices, control instruments for automobile dashboards) and 
other small instruments. All work is done on contract for the specific order of the 
customer. Many of the parts are purchased. Materials control is particularly im- 
portant because purchased materials and parts usually cost about six times the cost 
of direct labor. 

The company has been having considerable difficulty with its materials and 
parts inventory. Sometimes work in process could not be completed because s<j>me 
of the parts were not available in the storeroom. The shortage of parts resulted 
in increased costs because of a loss of machine time, wages paid to idle workers, 
additional supervision, and the necessity for rehandling partially assembled units. 
Delayed deliveries disrupted customers’ schedules and created customer ill will. 
When orders were placed with vendors to replenish stocks, deliveries were de- 
layed because some vendors might require a lead time of as much as twelve weeks. 

When the company attempted to provide for all parts and supplies that might 
be needed, it accumulated large inventories and reduced the rate of inventory 
turnover. Some parts were on hand a year or more before they were needed. In- 
ventories remained unbalanced with too much of some items and not enough of 
others. Foremen attempted to keep their own departments running smoothly by 
building up reserves of items that might be needed. On several occasions when 
production was delayed because a part was not available, a supply was later lo- 
cated in some department of the plant. Further imbalance in inventory wa* 
created by the acceptance of occasional overruns by vendors who shipped i 
as 5 per cent more than the quantity ordered. 

To correct the situation, the company established the position < 
trol supervisor directly under the plant manager. The supervisor s 
based upon the use of five forms. One form is a stock record card ; 
usual perpetual inventory record form. A card is prepared for i 
stockroom to show quantities ordered, receipts, issues, and bah 
Prices are not shown on the card because the only object of the cohfl 
to assure that the quantities will be available when needed without b<$ 

?jwjuitemeirts. 

\ A’secoticf (om is a receiving and Inspection report. It shows quaSiSu;ie- 
CCivcd from Vendors, the* number of items passed by the inspector, an<! the 
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number of items rejected. Copies of this report are sent to the accounting depart- 
ment, the purchasing agent, the stock control clerk, and the storekeeper. 

Another form initiated by the supervisor is the move order. It is used by the 
foreman who has spoiled, unusable, />r excess material or parts of any kind. Fore- 
men are now required to return excess material when a production order is com- 
pleted and to forward a move ticket with the material. If materials were defective 
when they were received, they will be returned to the vendor. If defective ma- 
terials can be reworked in the plant, the plant manager issues a rework order. 
After the work is completed, the materials are inspected and the results of the 
inspection are noted on the work order. If the materials are returned to the stock- 
room, the materials control clerk is notified and he makes the entry for the receipt 
on the appropriate card. 

When a work order is planned, the production control clerk prepares a com- 
plete list of all materials and parts that will be needed. He enters on the list the 
number or quantity of each material or part. A copy of this list is sent to the 
material control clerk who checks to see that the materials and parts are on hand. 
He enters the quantities on the stock cards as a reservation for the work order to 
be issued later. If the materials are not available, he notifies the purchasing agent 
and the production control clerk. The purchasing agent immediately places an 
order for any items that will be required. 

Once a week the purchasing agent goes through the stock record cards to in- 
spect the quantities on hand and the rate at which an item is being used in pro- 
duction. If the quantity on hand is less than the amount that will be used during 
the necessary lead time, the purchasing agent places a purchase order for a supply 
of that item. 

In the stockroom, a tag is attached to each bin to indicate the amount of the 
item on hand. The stockroom clerk adds to the balance any quantities received 
and subtracts any quantities issued. Once a month, the stock control clerk checks 
the balances as shown by the stock control cards against the balances as shown by 
the bin tags. Physical inventories are taken every six months, and the quantities 
on hand are checked with the bin tags and the stock control cards. Adjustments 


are made for any discrepancies. 

Since the new system was installed, the company has had fewer interruptions 
to production because of shortages of materials or parts. Foremen have developed 
a keener appreciation of the need for maintaining production schedules. The 
hoarding of materials by foremen has ceased to be a problem because the need 


for hoarding is no longer apparent. Although the new system means more paper 
management believes that the costs are justified by the results. 


:;;.SSuKbe new system as developed by the materials control supervisor. 

67 . ABC ANALYSIS FOR INVENTORY CONTROL 

TttgSjSBern Spring and Wire Company carries approximately 2,500 items of 
mateqji^^l parts in stock. The controller has instituted a materials control sys- 
teffllMupon the ■«»«< plan of balance of stores records, receiving reports, 
rtJprSitions, reorder points, and predetermined quantities to order. Although the 
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plan requires a great deal of paper work, it has not entirely eliminated shortages 
and overstocks of certain items. The difficulty is that the lead time of different 
vendors is not uniform even for the same items, and variations in the rate of pro- 
duction at the Southern Spring and Wire Company sometimes cause unusually 
large requirements for materials not anticipated by the system of inventory con- 
trol. 

The controller has been studying the plan of inventory control known as the 
ABC Analysis. This plan provides for the classification of inventory items into 
three groups, which are designated as A, B, and C. Class A items include the 
major kinds of materials that are used in large quantities. They constitute a 
large part of the material cost that goes into the product, and they make up a 
large part of the materials inventory. Class B 'items include a larger number of 
items, but they are less important in materials costs. Class C items include the 
numerous but inexpensive units of material. They turn very slowly. They are 
necessary to the production of certain products, but they constitute a sma^l per- 
centage of materials cost. \ 

The controller decided to make an analysis of the items in the inventory of the 
Southern Spring and Wire Company. He found that 150 items of materials, or 
8 per cent of the number of items purchased, accounted for 75 per cent of the 
total materials cost of the product. These items might be appropriately described 
as Class A materials. At the other extreme, 1,750 items, or 70 per cent of the 
total number of items, accounted for only 5 per cent of the total materials cost. 
These items might be classified as Class C items. The remaining 600 items, con- 
stituting 22 per cent of the total number, accounted for 20 per cent of the ma- 
terials cost. These items were designated as Class B. 

The controller decided that the reorder system previously used would be aban- 
doned insofar as Class A items were concerned. Materials falling in this classi- 
fication would be ordered on an annual contract and scheduled for delivery to the 
receiving room of the company on a weekly basis. Because the need for the 
materials was continuous and closely related to the rate of production, most of 
the materials would be put into production as they were received. Movement 
through the shop would be watched for delays, "bottlenecks,’* undue accumula- 
tions, and shortages. The reserve supply of Class A items would be kept at a 
low figure. 

As for Class C items, the clerical expenses of ordering, receiving, inspecting, 
paying invoices, issuing, and accounting were found to constitute a substantial 
percentage of the total cost of the materials. To reduce such expenses, a sufficient 
supply for the requirements in production for a period of six to eight months 
could be economically ordered at one time. The carrying charges on the imfcttftory 
would be more than offset by the saving in paper work. The perpetual timmtory 
record was also considered unnecessary for Class C items. A supply item 

that would normally be sufficient for use during the reorder period w^Jhe tied 
up in a separate bundle or package or placed in a separate bin. Whj&tba store- 
keeper began to use the reserve stock, he would notify the purchasing agent who 
Would place an order for an additional supply. When any material of tifae Qass C 
group was received into stock, a fresh reserve supply would be set/^ide, . The 
cost of Class C materials during any accounting period would be deterfttfhed by a 
physical inventory at the end of the period. The value of the ending inventory 
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subtracted from the sum of the beginning inventory and the purchases would give 
the cost of materials used. This cost would be included in the cost of the goods 
manufactured as one sum. For cost accounting purposes, the cost would be 
allocated in the same manner as supplies and other manufacturing expenses. 

The records for receipts, issues, and balances on hand of Class B items would 
be continued in the manner previously used for all materials items. New orders 
would be placed when the supply on hand dropped to the reorder point. The 
quantity ordered each time would be the predetermined amount. 

Required: 

Evaluate the new plan for materials control in comparison with the old plan. 



CHAPTER 


32 Storing 
and Issuing' 
Materials 


materials and supplies could be received in small quanti- 
ties at die time they are needed, no storeroom or investment in stores in- 
. ventory would be necessary. Losses from obsolescence, deterioration, 
and price declines would be reduced or eliminated; and the turnover of 
working capital would be increased. But this ideal situation usually is 
not possible for several reasons, which vary according to the circum- 
stances. In many cases, materials are purchased in large quantities and 
consumed in smaller amounts. The requirements from day to day are 
too small for economical purchasing. A reserve supply may also be 
necessary to assure continuous production when incoming shipments 
are delayed by transportation, tie-ups because of traffic congestion .in 
railroad yards, die freezing of lakes and rivers in winter, and labor 
troubles in the plants of vendors. If the product is manufactured to 
die order of the customer, a supply of various kinds of materials 
parts may be carried is stock in anticipation of orders. In 
materials may be purchased seasonally and then used in 
throughout the year according to a planned schedule, 
cotton, com, tobacco, hides, and lumber. In other 
trials may be produced at a fairly uniform rate and 
anticipation of a seasonal demand. Examples are fuel oil 
gas. Some materials, such as tobacco and flour, are 
for seasoning before they are processed. 
v In some bases the production schedules of two pr more 
may be so carefully planned and co-ordinated that the maintenance.flf 
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an inventory of raw materials by the purchaser becomes unnecessary. 
For example, a fruit canning company may arrange for the delivery of 
both fruit and containers' as they are needed in production. Both fruit 
and containers may go direct from truck or freight car to the produc- 
tion line. Automobile and electrical appliance manufacturers make die 
same arrangements for delivery of motors and parts to the assembly 
plant. To provide for a margin of safety in the making of deliveries 
according to a definite schedule, the container manufacturer or other 
supplier may accumulate an inventory of his product in advance of 
purchase orders. The result is that the problem of inventory manage- 
ment is shifted from the purchaser to the vendor. 


RECEIVING AND STORING 


The efficient movement of materials and supplies to storage requires 
a method of checking incoming shipments and moving the materials 
to shelves or bins. The method of arranging the stores should make 
economical use of space. Furthermore, the materials should be stored 
according to a logical plan which would enable the storekeeper to locate 
quickly any item that is needed. 

Receiving Stores. The storeroom manager may best plan for receiv- 
ing incoming stores if he is advised of the kinds, quantities, and time 
of receipt. Incoming stores should be counted, weighed or measured, 
and checked against purchase orders and purchase invoices. Adequate 
space should be available for receiving and inspecting. Materials should 
be placed in permanent locations after inspection rather than in tempo- 
rary locations in bulk storage or in aisles. Handling should be kept at a 
minimum. Time is saved when the stores can be placed in the shelves 


in original cartons or in containers in which they will subsequently be 
issued. Many types of materials and supplies can be stored on pallets 
nr skids and moved by lift truck to permanent storage. Some items 
stored in tote boxes, which interlock when stacked to form a 
, rigid pile. Time can also be saved by making containers self- 
self-measuring. Such a container is designed to hold a 
ntity, or has markings to indicate quantities, 
ice. Good layout is the first essential of the effective use 
-he phases of layout are, first, allocation of the proper 
Jrspace to various uses and, second, effective arrangement. 
jm-inn of space depends upon the size of the storeroom, the 
„.__f material to be stored, the types of shelves and bins, the heigjbt 
. ceiling and extent to which vertical storing is possible, and the 
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kinds of equipment used in the handling of materials. The vertical 
limit for Storing is usually considered to be twenty feet. Higher stack- 
ing of cartons or pallets creates problems of fire hazards, lighting, and 
floor loads. If materials are stacked to that height, an aisle width of 
twelve feet is considered desirable to allow trucks or forklifts to pass 
each other with pallets or other loads. However, aisles may be no wider 
than six or seven feet if stacks of materials are less than twenty feet in 
height. 

An effective arrangement in a storeroom which stores small parts 
provides for receiving and inspecting materials at one end of the room 
and issuing at the other. The main aisle of the storeroom usually runs 
lengthwise, with cross aisles at right angles to the main aisle. The 
width of the aisles depends upon the kinds of material stored and the 
equipment necessary for moving materials. The main aisle may Vary in 
width from five to ten feet or more. Cross aisles are not as wide as the 


main aisle. More storage space is available if the rows of shelves or 
bins extend to the side walls, although such an arrangement is some- 
what less convenient and may increase the fire hazard. For economy 
in the use of space, rows of bins should be placed back to back. A 
possible storeroom layout is shown in Figure 57. 

Another device for effec- 



FIG. 57. Layout of Storeroom 


tive use of storage space is 
flexibility in the sizes of bins. 
Uniform sizes of bins and 
shelveswould inevitablymean 
waste space. The use of 
standard shelving and divid- 
ers for bins provides for 
varying bin sizes, as shown in 
Figure 58. Some items re- 


quire drawers for economical storing, some require hooks or brackets, 
and some require racks of various types. _ 

In the stacking of materials floor loads should be kept withk&RPfc 
limits. At the top of the pile, sufficient space should, be allowed to 
permit the up-ending of cartons when they are removed frott^e.;tCp. 
The materials should not be stacked so high as to interfetR'^Sfe the 
proper functioning of the automatic sprinkler system. Fire regulations 
prohibit stacking to the ceiling.' ' 

Method of Storing. In a small storeroom the finding of iiritterials 
when they , are wanted may not appear to be a serious problem^, but 
in a large storeroom, with perhaps 28,000 items, materials and parts 
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Courtesy of Monarch Machine Tool Co, 
FIG. 58. Storeroom Arrangement Showing Flexible Bin System 
Note flexibility in distance between shelves and use of dividers. 


may easily be misplaced, and additional material may be purchased 
unnecessarily. The finding of materials should not depend upon the 
memory of employees. The features of a well-developed plan for ar- 
ranging stores are as follows: 


A system of classification and identification for materials. 
A system of identifying and marking storage spaces. 

A system of arranging materials in the storeroom. 



systems of classifying and indentifying materials are used, 
the mt^rnrmi^ th e numerical , the alphabetical, and . some 
of the other three systems. 

mnemonic" means assisting or tending to assist the mem- 
onic system of classification is especially designed for 
Ting. The letters used in any symbol are associated 
al classification and name of materials thus designated, 
ts are associated with the dimensions of the material or 
the^ontainer. While every business may design its own set 
to suit its particular requirements, the first letter would 
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usually be U S” to indicate stores; and "W” would indicate worked 
materials or manufactured parts. The second letter would indicate a 
general class of stores, such as "P” for paint. The third letter would 
indicate the class of paint, such as "D” for deck paint. The next letter 
would indicate the color, as M S” for slate. A numeral might be used to 
indicate the size of the container. Thus, the symbol S PDV4S would 
indicate a quart can of deck paint, slate color. A stores classification 
showing the general classes might be as follows: 

Classified Stores 

S A Office supplies 

S B Brass and brass products including pipe and fittings 
S C Coal, coke, and other fuels 
S D Wood and wood products 

S E Electrical supplies 

S F Fastenings, bolts, nuts, nails, screws, etc. 

S G Gaskets and packing 

S H Hangers, stands, boxes, bushings, pulleys, and clutches 
S J Gears made of all materials 
S K Chemicals and pigments 
S L Liquid, lubricants, oils, gasoline, and paints 
S M Machine and engine parts for boiler-power and water supply 
SN Metals not otherwise classified 

S P Pipe, pipefittings, and things made from cast iron, wrought iron, and 
steel 

S R Rubber scrap 

S S Steel, wrought or cast iron, and products made chiefly from same 
ST Tools, implements, and supplies 

S LJ Building materials, such as cement, quartz, sand, and brick 
S V Abrasives, emery wheels, grindstones, etc. 

S W Wearing apparel 
S X Stores not otherwise classified 
S Y Fibrous and textile materials 
S Z Special parts and supplies for equipment 1 

The mnemonic principle cannot be consistently ^followed in the classi- 
fication because the letter which would be appropriate in desigaattog a 
class of stores may have been used in another part of the. classi^icitoi. 
The letters "I,” "O,” and "Q” are usually not used because; they may 
be mistaken for other letters or numbers. 

The classification as illustrated is elaborated by the additkiff of other 
letters to indicate subdivisions of the main class. For examj&eione of 
the subdivisions of the classification S E Electrical supplies ir$ ES, in- 

' *L. P. Alford and J. R, Bangs, Production Handbook (New York: Donald Press Co., 
1048), p. 1551. Used by permission. 
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dicating Sockets and Forks. This subdivision is further classified as 
follows: 



Sockets and 

Forks 


SESB 

Brass key sockets 

SESP 

Porcelain key 


S ES IB Small 


SESlP Small 


S ES 2B Large 


S ES 2P Large 

SESC 

Brass keyless sockets 

SESR 

Porcelain keyless 


S ES 1C Small 


S ES 1R Small 


S ES 2C Large 


SES2R Large 

SESH 

Hood forks 

SESS 

Porcelain pull 

SESK 

Socket forks 


S ES IS Small 

SESM 

Mica sockets 

SEST 

SES2S Large 
Street hood socket 


The principal advantage of the mnemonic system of classification is, 
as the name suggests, that the symbols are quickly learned and easily re- 
membered. The system has greater flexibility than a numbering system 
because 23 letters are available as contrasted with 10 numerals or digits. 
A disadvantage is the necessity for substituting a different letter in case 
the names of two or more materials begin with the same letter. Further- 
more, the designations of new items added to the inventory cannot be 
listed at the end of the classification but are inserted at a definite place 
in the list. The problem of adding a new designation for a material is 
similar to that of including a new word in the dictionary. 

In the numerical system of classification and identification, numbers 
are consistently used to indicate both the principal classes of stores and 
the subdivisions. In the alphabetical system, letters are used to indi- 
cate all classes and groups without regard to the mnemonic feature. A 
familiar example of a system which combines the numerical and the 
alphabetical methods is the system of classifying books in a library. A 
system that is built up without regard to the mnemonic feature may be 
easier to construct but more difficult to remember. If the items are 
grouped into classes; the designations for new items would be added 
al .fixed places in the list as they are added in the mnemonic system. 

:jfc*^stem of classification and identification may be used for the fol- 
tewa^jairposes: 

materials or supplies to be ordered. 

Indicating materials or supplies to be withdrawn from the storeroom. 

Indkstiag materials to be used in the manufacture of the product and in the 
planning^# production. 

Arranging stores in the storeroom. 

In the arrangement of stores, two methods are used. First, the stores 
may be arranged according to the system of classification. For ex- 
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ample, if the mnemonic system of classification is used, stores desig- 
nated as S AA would be in the first tier, first bins, in the row adjacent 
to the first aisle. Stores designated as S AB would be placed in the next 
bins. Stores would be similarly arranged throughout the storeroom, 
with stores designated as S ZZ at the far end of the room. When 
stores are arranged by classification symbols, any item of stores can be 
located by the symbol, just as a book can be found in the stackroom in 
the library or an article can be found in the encyclopedia. 

Several objections can be made to arrangement by classification 
symbols. The method is wasteful of space' because room must be left at 
various places for the addition of new items. Unless space is left, the 
addition of a new type of stores will require the shifting of all stores 
farther down in the list. Another objection is that many parts anq ma- 
terials require special methods of storing. Heavy materials should be 
placed in bins near the floor, and light, bulky items should be stored in 
the higher locations. Extremely heavy items may at times be stored in 
the basement or even in the yard. Items frequently requisitioned should 
be stored near the issue window. When the principle of storing accord- 
ing to the classification system is followed, exception must be made 
for such items. 

The second method of arranging stores provides for arrangement by 
general classes but not strictly according to symbol numbers. When this 
system is used, new kinds of stores may be put into whatever bin or 
other space is available. An index that gives the location of the item 
is maintained in the storeroom. This system, called the "index system,” 
is the method most commonly used. 

If the supply of any item in the storeroom is so large that not all of 
it can be stored in the usual location, the excess supply may be stored 
on top of a row of bins or located in some other place less accessible to 
die issue window. Notation should be made on the index card to indi- 
cate die location of the reserve supply, and a card should also be at 
tached to the regular _bin to indicate the location of the 
supply. However, any deviation from the established system i 
may prove costly. Temporary storage in aisles and odd place 
disrupt a good system. 
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Protection against Deterioration. Many types of materials and sup* 
plies will deteriorate in quality if they are kept„in 5 toxagS,i 9 X.„j ! py„ < 
length of time. D$£eribmtioa<iaay bcprcvcnted.fiTst, fay c arr y in g small- 
qu an riH cg HM ti tery end,' second, by following the principle of 

hraiin^jSKi^f^arious methods are used to assure that the oldest 
un«m<i used first, the exact method depending upon the nature of 
the materials and supplies. The system of double bins or double stor- 
age space provides for two bins or storage spaces for each item of 
material or supplies. The first order received is placed in the first bin 
or space, and subsequent orders received are placed in the second bin. 
Issues are made from the first bin until the first lot is exhausted. Issues 
are then made from the second bin, while receipts are placed in the 
first bin. Stores may be rearranged in the shelves or other storage 
spaces each time a new lot is received, when the old supply is put in 
front. Issues are taken from the front. This method requires addi- 
tional handling. 

Circular packaged items, such as cans, or rolls of materials, may be 
stored in gravity-feed racks. The racks resemble a trough and are 
slightly inclined toward the aisle. As containers are removed from the 
lower end of the rack, the remaining items roll toward the front to fill 
the space. Refills are made at the back and upper end of the rack. 

Materials in cartons may be stored by the moving-division method. 
When the first shipment is received, it is stacked in cubical or rectangu- 
lar fashion upon the floor. Issues are then made from the left side of 
the stack. When a second shipment is received, a new stack is made to 
the left of the first, with sufficient space 

between the two stacks to permit the 

storage of any additional shipment that 
may be received. Issues continue to be 
made from the left side of the first stack 
gntil the first shipment is exhausted. 

S sues are made from the 

“ s “°” d In *“* fig. ». a™. .. a 

stocks repeatedly move w . old s^. ^ 

i from left to right. The 

itrated in Figure 59. 

igalnst Damage and Fire Less. To prevent damage, ma- 
pplies Should be stored with special reference to their 
is to heat, cold, moisture, dryness, and cleanliness or pro- 
lust. Bar stock should be supported on racks to prevent 
'bending or springing out of shape. Barrels should be stac ke d on end 
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and not on the side. Brooms should be stored with the handle end down 
or should be suspended from hooks. Bags of cement should be pro- 
tected from die weight of bags piled above them. In some cases, suffi- 
cient protection is afforded by placing boards between the layers of bags 
to distribute the weight. Fragile materials or parts are sometimes 
stored in boxed pallets or other containers. The containers rather than 
the materials carry the weight of the items piled above. 

Many parts and materials should be stored and removed from racks 
with care to prevent the marring of polished surfaces. Parts easily 
damaged may require separate vertical tftmpartments. Finely polished 
gears are sometimes placed in wax-paper or plastic bags. Special types 
of cranes or other equipment for lifting and holding material sepirely 
may be required for heavy items. \ 

To aid in preventing fire loss in the storeroom, the aisles should be 
kept clear; bins should be made of steel instead of wood; and highly 
inflammable materials should be stored in a fire-resistant room with 
self-closing doors. As further protection against fire loss, fire extin- 
guishers should be placed at convenient locations; and fire regulations 
should be strictly observed. At all times, good housekeeping is essential 
in eliminating fire hazards. Despite all precautions to prevent loss from 
fire, such losses may occur. The stores inventory should be covered by 
the proper types and amounts of insurance. 

Prevention of Waste and Theft. Although the stores may be very 
valuable, waste in materials and supplies is frequently tolerated, when 
the mishandling of money is not permitted. Materials may be stored 
in a careless manner, the storekeeper may not be held accountable for 
breakage, and adequate precautions may not be taken to prevent theft. 

To reduce losses due to poor inventory management, the storekeeper 
or inventory takers should call the attention of the production planning 
department to any inactive items which might be used in production; 
and the person in charge of production planning should attempt to find 
a way to use them. If materials are obsolete, they should be sold* as 
scrap to prevent complete loss and to make the storage space aviuiitbte. 
Hie waste of certain bulk items, such as paint, lubricating?S| '5Qd 
rhwnicals, may be reduced through purchase in containers of ^-proper 
size. Supplies of high unit value should be guarded from pilfering and 
theft by use of a locked room or closet. It is generally agrenSbmd the 
bjilanre of stores record should be kept by someone other than the store- 
keeper, perhaps by a clerk in the cost accounting department. The 
perpetual inventory record constitutes an independent check off the 
persons who receive, store, and issue materials and supplies. 
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Protection against waste and theft also requires that some procedure 
be designed for assuring a return to the storeroom of materials and 
supplies withdrawn for use and not used. If it is anticipated that some 
materials will be returned, such as part of a roll of wire or a steel rod, 
a record of the withdrawal of the larger quantity should be kept in a 
temporary file until the unused portion is returned. The return of un- 
used material that was withdrawn in the regular manner is the responsi- 
bility of the worker and the foreman. Excessive use of material should 
be checked by a scrutiny of the cost accounting reports of material costs. 

THE ISSUING OF STORES 

Two closely related problems that arise when stores are issued per- 
tain to the paper work and physical handling. A proper procedure for 
issuance requires attention to both problems. 

Ease in Issuing. A possible procedure for the issuing of stores is as 
follows: The requisition is sent to an indexing clerk, who enters after 
each item listed the location, including the floor, row, tier, and bin 
number. An order filler takes the requisition, obtains a floor truck 
equipped with racks and trays, and proceeds from floor to floor or aisle 
to aisle until the order has been filled. He then pushes the truck to a 
checking area, where an assistant to the storeroom manager or a group 
leader checks the material against the requisition. The truck is then 
taken to the proper department, as indicated by the requisition. 

When many orders are for only one or two items, the work of assem- 
bling the materials may be facilitated by accumulating the orders for a 
few hours and then arranging them in sequence by bins for one picker. 
Some multiple orders may be arranged in sequence, although this pro- 
cedure is more difficult because one order might call for different items 
from different parts of the storeroom. Large orders are filled with case 
lots from the reserve stock wherever possible. 2 

arrangements may be made to facilitate the issue of stores, 
upon the kind of material. When the materials are placed 
bins , the aisles should be wide enough to permit easy hand- 
ling i ^tjj»c^ or other equipment. In some storerooms, racks contain- 
ittgbwEitpdc are placed parallel to each other but at a 135 degree angle 
to. aisl e to permit easy turning of trucks and also to make the 

contentrJoif the racks visible and accessible. Bar stock is stored with 
ends toward the aisle from which withdrawals are to be made. Colors 

A. Severs en, "More Order Picking with Half of the Work Force,’ 1 Factory Man- 
agement and Maintenance, Vol. CXI, No. 11 (1953), pp. 138-39. 
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may be also used to assist in the identification of certain types of stores. 
For example, a color code may be used to designate the various lengths 
of molding or other kinds of lumber. A spot of white on the end of a 
piece might indicate a length of 16 feet, yellow might indicate a length 
of 14 feet, and blue a length of 12 feet. Colors are also used to ident- 
ify metal rods of various alloys or any other parts not otherwise readily 
identified. 

The storage and issuance of materials in their original cartons is ad- 
vantageous if die quantity in a carton is the same as the amount usually 
requisitioned. Items in case storage are easily counted and issued, and 
the case protects the materials from scratching or other damage. To 
facilitate issuance as well as inventory taking, the cartons should be 
placed in shelves in such manner that the number of cases and the 
number of items in a case can be determined without moving any\cases. 
Material that is received in bulk may be arranged into standard quan- 
tities for issuance and wrapped or boxed before being stored. For ex- 
ample, rags for cleaning are received in bales and issued in five-pound 
lots. The smaller packages are prepared before the rags are stored. 

Plans for issuing various items will vary with the kind of material. 
Heavy bulky items may be moved by crane, truck, or other special equip- 
ment. Heavy bulky stores that are used by only one department are 
placed in a separate storeroom or storage area near that department. 
Examples are steel sheets, rolls of heavy brown paper used by a box 
company, sand used by a glass company, and coal. Materials frequently 
requisitioned and issued.may be stored near the issue window. For some 
items, a forward stock may be kept near the window and the reserve 
stock may be kept in a less accessible area. Small parts may be counted 
and issued by weight. Tables may be prepared to show the weight of 
any specified quantity of any item. Special scales are also available'for 
counting bulk materials by weight. 

Mechanization of storeroom operations is feasible if the company^ 
handles a large volume of materials in limited_ varieties and 
tons of a standard size. The materials may be moved by 
conveyor, cranes, or other type of equipment. Small pacts 
sembled for issue by means of conveyors. The stock clerk 
materials or parts requisitioned and places them on a 
conveyor system converges upon the issue window, 
assembling materials needed for a requisition requires a 
able method of communication which reaches all parts 
room. The method also requires a substantial 1 volume of 
rise turnover of the inventory should be rapid. 
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Handling and Moving. Many of the principles of materials han- 
dling which were discussed in relation to machinery and equipment 
apply to the handling of materials and supplies in the storeroom. Some 
types of stores require special types of equipment. Bulky materials of 
a noncorrosive nature may be moved in self-feeding, self-discharging 
flow conveyors. Examples are coal, flour, chemicals, wheat, and soy- 
beans. Other types of equipment used for moving materials and supplies 
to and from storage include cranes, power trucks, hand trucks, gravity 
conveyors, powered conveyors, and chutes. To reduce the amount of 
materials handling, some companies equip hand trucks with racks and 
trays suitable for storage at the workplace. Materials that are with- 
drawn from stores are placed on the truck in position for use. The 
truck is then moved to the workplace and left there as a storage re- 
ceptacle. Materials may also be stored in the storeroom in the contain- 
ers in which they are later issued. 

To reduce the distance for moving materials and supplies after issu- 
ance, some companies have established two or more storerooms adja- 
cent to different workplaces. Each storeroom is in charge of an attend- 
ant who is under the supervision of the general stores manager. This 
arrangement is satisfactory provided that the items kept at the various 
storerooms do not duplicate each other. If the same kind of material 
is kept and issued at more than one storeroom, care in inventory control 
is necessary to prevent excessive stocks and the losses incident to large 
inventories. Inventories are likely to be larger because a reserve supply 
or margin of safety is kept at each location. 

Prevention of Accidents. In most industries the handling of materials 
is a chief cause of injuries. Among the common types of hazard and 
injury from materials handling are the following: 


■ 


Incoming cars or trucks — persons struck by train, automobile, or truck. 
Unloading cars or trucks — hands or feet torn, pinched, or crushed; bruises; 
falls; injury to health from dust, fumes, or chemicals. 

g and cleaning tank cars — suffocation or poisoning on entering tanks ; 
jLcid drips; falls from cars; explosion of inflammable gases; electric 
Extension cords. 

crated, or barreled material — cuts and abrasions from sharp 
ids; strains from lifting; tool wounds. 

-injuries from falling materials; strains from lifting; falls; 

^ materials — persons struck by trucks; hands pinched, tom, or 
or between articles; articles filing on feet; falls over loose arti- 

Handling adds, caustics, volatiles. 
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Unsafe practices are a frequent cause of accidents. The attempt to 
move heavy materials by lifting or by hand truck may result in strained 
muscles or crushed feet or hands. Overloaded or carelessly loaded 
trucks may cause cartons to fall to the floor. If aisles are narrow, un- 
marked by lines in safety colors, or crooked, trucks may brush against 
bins or racks and cause damage or injury to persons. Other causes of 
accidents are worn or uneven floors, worn crane cables, worn and 
broken tools, unsafe ladders, wobbly truck wheels, and rickety truck 
bodies. . 

To reduce accidents, the causes in eafich case should be determined 
and corrected. Situations known to be hazardous should be corrected by 
such changes as a revision of layout, the provision of proper equipment, 
and proper maintenance. Mechanical handling should be substituted 
for manual handling where possible. The selection and training of 
storeroom personnel should be planned to reduce accidents. Adequate 
supervision should stress the safety factor when the occasion requires it. 

SOME INVENTORY PROBLEMS 

Physical inventories are usually necessary to production. Records of 
quantities on hand are required for the use of executives, for the pre- 
vention of waste of materials, and for the preparation of financial 
statements. The management of the storeroom therefore must give at- 
tention to the control of physical inventories and to the records of 
materials on hand. 

Keeping Inventories at a Minimum. One objective of storeroom 
management is to keep the inventory as low as possible, consistent with 
continuous production. The manager of the storeroom is not solely 
responsible for excessive inventories, but he may be of much assistance. 
He may be able to call attention to slowly moving items or even to sug- 
gest the use of other items already carried in stock as substitutes. He 
may know of needless, varieties of items of materials and supplies.* If 
ah item has ceased to move because of obsolescence, he may suggesta 
way of reclaiming it; or he may suggest scrapping it to makfe ^ace 
available for other materials. Other suggestions may pertaitf ^ pos- 
sible standardization, eliminating duplication of purchase orders, and 
avoidance of overstocking. The storeroom manager may be a hie to offer 
such suggestions because of his physical contact with the materials and 
hi$ familiarity with storeroom problems. s 

Co ns to ntSupply. Although good inventory management should keep 
stores at a minimum, the balances should not be permitted to fall so 
production i$ delayed for lack of materials. The avoidance of 



STORING AND ISSUING MATERIALS 


587 


excess quantities requires that careful attention be given to inventory 
control to assure continuous supply. The balance of stores record is the 
principal reference; but since it is only a book record, the co-operation 
of the storekeeper is necessary' To assure that physical inventories are 
in agreement with book records, the storeroom supervisor should see 
that incoming shipments are inspected for quantity and quality. Stores 
should be carefully stored and issued to avoid damage and to assure 
that all items are of standard quality. The requirement that stores 
should be issued only on requisition should be consistently observed, 
and any excess supplies returned to the storeroom from the manufac- 
turing departments should be placed in the proper storage area. 

The storeroom clerk may report to the person who keeps the balance 
of stores record the fact that -the supply of an item has reached the 
reorder point. One method by which the storekeeper may himself 
observe that the inventory of an item has reached the reorder point is 
to segregate an amount of an item equal to the predetermined reorder 
point. The reserve supply may be placed in a separate bin or carton or 
tied with a string. When the reserve supply is drawn upon, an order 
should be placed for the purchase of an additional supply. 

The system may provide for regular reporting to the balance of stores 
clerk of the quantity on hand. The exact method of reporting quantities 
depends on the kinds of stores. Some companies provide for a "bin 
tag” to be affixed to each bin or shelf and on which is kept a record of 
the quantity in the bin. The tag shows receipts, issues, and balance. 
At regular intervals the tags are sent to the balance of stores clerk for 
comparison of balances as shown by the two records. Another method 
is to require the person who issues stores from the storeroom to write 
on the requisition the quantity on hand as shown by the bin tag. When 
the balance of stores clerk enters the amount of the issue on the per- 
petual inventory record, he compares the quantity as shown on the 
requisition with his own record of the balance. Some companies con- 
sider the bin tag an unnecessary duplication of the balance of stores 
jftc&fcd* They rely upon periodical physical inventories for a verification 
cl hoote balances. 

Eosiin Taking Inventory. The number of units or the quantity of 
each item on hand should be determined by physical count at least two 
times eadSLyear. When a count is made, the book inventory should be 
adjusted^ agree with the physical inventory, in case there is a discrep- 
ancy. Two methods are used to determine the time for the count of the 
units an hand. First, the checkers may start at one end of the storeroom 
and proceed to count the number of units in each bin or other storage 
Space until all items have been inventoried. Second, they may count 
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die number of units when the supply of an item has reached die re- 
order point. A list of such items would be given the checkers for 
counting each day. By this method the count is made when the supply 
is at a low point. The counting, therefore, requires less time than 
would otherwise be necessary. The disadvantage of this method is 
that some slowly moving items may not be inventoried at any time 
during the year, unless special provision is made for them. 

Certain methods of storing and issuing are designed to facilitate the 
taking of the inventory. Supplies and materials stored on shelves should 
be stacked with labels toward the aisle*' Cartons or bales of stores 
placed on the floor in open areas may be stacked in cubical or pjrramid 
fashion. Cubical storing is preferable because the piles are more easily 
counted. The number of units in a pyramid may be computed by means 
of a formula; but the counting is more difficult, particularly after Some 
units have been removed. The advantage of pyramid stacking is the 
greater stability of the stack. For some kinds of stores, pyramid stack- 
ing may be necessary. Cubical storing, if possible, should be in decimal 
units. For example, if a pile is five or ten units high and five or ten 
units deep, and if this method is consistently followed, counting is 
greatly simplified. Although the number of piles cannot be kept at a 
fixed figure because of receipts and issues, the number in a pile can be 
kept at a constant figure except possibly for one broken pile. 

Issues of materials and supplies should not be taken at random from 
various piles but should follow a definite plan. For example, issues may 
be drawn from the top and front of the first pile on the left. All the 
first pile on the left should be issued before any units are removed 
from the second pile. The units on hand can then be inventoried by 
counting the unbroken piles and the number of units in the broken pile 
on die left. If any cartons are broken when stores are received add 
inspected, the cartons should be placed where they will be the first 
be issued. For liquids kept in drums, such as turpentine, kerosene, 
chemicals, a bin tag may be used to record withdrawals and the 
remaining. To assure that the record of the bin tag is 
tile spigot may be locked and issues made only by a 
Similar methods may be used for such bulk materials as 
wiredoth. 

QUESTIONS 

1. Mention situations or industries where an inventory of 
Storeroom might not be necessary. ^ 

. 2. How has the use of pallets resulted in more effective use of storage space?' ; 
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3. What factors limit the height of storage areas? 

4. What losses and waste may result from lack of planning for the arrange* 
ment of stores in the storeroom? 

* 

5. Compare the system of classification of stores with the cataloguing of 
books in a library. 

6. What uses are made of the system of classifying stores and designating 
each class by a symbol? 

7. How can methods of storing and issuing materials aid in the prevention of 
deterioration and loss? 

8. Will the posting of guards at the gate prevent pilferage or theft of ma- 
terials? Can guards prevent the theft of large items? 

9. How can workers be required to return unused materials to the storeroom? 
How can the co-operation of the foreman be achieved in such matters as the pre- 
vention of the waste of materials ? 

10. Should the items in the inventory be counted by the checkers when the 
supply reaches the minimum, or should all items be counted at regular intervals? 
Would it be feasible to inventory all items at the end of the year? 

11. Should a record of items on hand be kept in the storeroom as a check on 
the balance of stores record ? 

12. An overhead conveyor is sometimes used as a “traveling storeroom.” 
What are the advantages of this method? 


CASES 

68. USE OF STORAGE METHODS TO STABILIZE PRODUCTION 

The Union Glass Works, Inc., at Alemeda, California, makes glass containers 
used by fruit and vegetable canners and soft-drink manufacturers. The company 
also makes corrugated boxes in which the containers are packed for shipment to 
the manufacturer. The paper cartons are made according to the specifications of 
the customer, who uses them to ship the filled containers to his own customers. 
gFiber shipping boxes carry the name and trade-mark of the canning company or 
her manufacturer. 

The plant manager of the glass company has experienced considerable diffi- 
fcv in stabilizing production because of the relatively low unit cost of the 
t and the high cost of storage. Customer demand is greatest during the 
e} summer months, and customers prefer not to receive large deliveries 
jjk of their own production requirements. The container manufacturer 
to produce containers in anticipation of customer orders but has 
ithod inadvisable because of the high cost of storing packages of 
[ of removing them when they were needed by customers. Breakage 
when cartons of containers were piled to great heights by hand 

, Production has usually been increased during the busy season by putting an 
*'5^ production line into operation. When a line was started, it was opet- 
•iW twenty-four hours a day; and overtime work could therefore not be used as a 
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method of increasing production. When the expansion of plant capacity seemed 
to he required because more production lines were needed, the plant superin- 
tendent authorized the plant engineer to make a study of the problem. 

The plant engineer recommended to the superintendent that lift trucks and 
pallets be used to store the product. Cartons containing glass containers would 
be placed on pallets. The cartons would be interlaced to prevent tipping. The lift 
trucks would be used to place one loaded pallet upon another in the storeroom 
and to remove them when the customer required delivery. Ceiling heights per- 
mitted stacking as high as might be desired. During the late spring and summer 
when no rain fell in the area, cartons could be stacked in the yard with no protec- 
tion other than a canvas covering to prevent the accumulation of dust.| 

Questions: . 

1. What advantages would the company gain by the proposed plan of produc- 
tion for future delivery ? A 

2. How can the management measure the advantages in terms of monetary 
savings? 


69. NEED FOR MAINTENANCE STOREROOM 

When the Woodring Pump Company was first organized, the plant was small ; 
and a careful control of parts used for machine repair was considered unnecessary. 
When any part was needed, the plant superintendent or the foreman ordered it; 
and the necessary repairs were made by the employee who operated the machine, 
with the assistance of the foreman when it was needed. As the volume of work 
increased and repairs were made more frequently, foremen would often order two 
or three repair parts when only one was needed. The extra parts were stored in 
shelves in one corner of the shop, which gradually developed into a storeroom. 
When a machine was in need of repair, workmen would first look in the store- 
room to see whether a repair part was available. If none could be located, an 
order would be placed for two or three parts; and the extras would be placed in 
reserve. 

Foremen found this method to be unsatisfactory in several respects. A part 
would frequently be ordered when one was available but was overlooked because 
it was not quickly located. Reordering a part when one was on hand not only 
resulted in the purchase of parts not needed but also delayed production. More 
serious was the fact that no check was ever made on parts that might be needed 
quickly to prevent delays in production. Although the management trusted its 
worked, there was the suspicion that occasionally parts were taken by employees 
for personal use. On some occasions, defective parts removed from machines were 
placed in the storeroom by mistake. The defects could not be detected, by visual 
inspection; and on several occasions, defective parts were used in making repair 
work. This caused further labor cost and additional delay. 

The plant superintendent decided that the situation could be corrected only by 
the establishment of a separate storeroom for repair parts, which would be in 
Charge of a responsible storekeeper. However, he was uncertain as to several do* 
tails. One question was whether the storekeeper should be assigned any additional 
duties. In the beginning, when repair parts were being catalogued and arranged 
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and inventory cards were being prepared, the full time of one person would be 
required. Later, the work would require no more than 60 to 75 per cent of the 
time of one person. The plant superintendent believed that the storeroom should 
be open at all times during work hours because the time of machine breakdowns 
could not be anticipated. If any other work was to be given the person in charge, 
it should be work which could be done at a desk in the storeroom. 

Another question concerned the person to be chosen for the new position. An- 
drew Ramey, assistant storekeeper in the materials storeroom, was a high-school 
graduate and also the graduate of a business college. He was familiar with all of 
the details of paper work required, and he was known to be neat and accurate in 
his work. He had had no experience in the shop itself and was not familiar with 
the names and numbers of parts. Frank Simmons was another possibility. Sim- 
mons was an excellent mechanic. He could tell at once the name of the part re- 
quired for a repair, and he could identify a part by observation as well as by name. 
He had attended high school for one year but had no experience in storeroom 
work. The superintendent was inclined to favor Andrew Ramey for the new 
position. 

Questions: 

1. Should the storeroom be open at all times? Should the storekeeper be 
assigned some other work? 

2. Who should be made storekeeper? 
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33 The Problem of 
Production Planning 
and Control 

PRODUCTION planning and control includes two major 
aspects. The first problem pertains to the total volume of production 
for a month, quarter, or other period of time. An estimate of the total 
volume is desirable in order that plans may be made for purchasing 
raw materials, employing and training workers, financing the program, 
and making other general plans. 

The second phase of production planning concerns the planning and 
controlling of detailed operations from week to week or day to day. 
This planning makes provision for the production of goods to meet 
the requirements of individual customers or for the production of spe- 
cific items to build up the inventory in the storeroom. It prescribes the 
exact size, color, or other specifications, indicates the number of items, 
and makes provision for the operations at each workplace or machine. 
This type of planning and control constitutes the subject of discussion 
in the present and succeeding chapters. 

.. Development of Production Control. Little advance planning and 
control of production were necessary during the handicraft stage of pro- 
duction. The master craftsman worked in his own shop and could 
readily determine the amount of work ahead. When a customer wished 
to piace an order for future delivery, the craftsman estimated the time 
whichwould be required for work previously accepted and then indi- 
cated a date for completion. If the work ahead became too great, ke 
could decline to accept additional orders. Rush orders were easily 
handled bemuse the craftsman was familiar with the requirements of 
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all of his customers and could shift from one job to another. The prob- 
lem was not greatly complicated by the employment of apprentices and 
journeymen because all of them worked in the same shop under the 
supervision of the master craftsman. 

When machine production was first introduced, the work in many 
industries was done in the home under a system known as "farming 
out.” A capitalist supplied the materials and sometimes the machines. 
Work was delivered to the home, where various tasks were performed 
on a piece-rate basis. Completed work was collected by the capitalist 
and delivered to the next home, where the next operation was per- 
formed. This type of production required some planning, but the sys- 
tem was inefficient because time schedules could not be closely con- 
trolled. \ 

When machines were brought together in one building, more 
detailed planning became necessary. The need for planning increased 
as the space occupied by the factory expanded and new departments 
were added. Another factor was the purchase of materials in wider 
markets and the sale of the product over a wider area. The integration 
of industry was also a significant development because each business 
became dependent upon others for parts and materials and in turn 
supplied parts or materials to other businesses. 

Production planning and control was a part of the management work 
of Frederick W. Taylor. He found that incentive methods of wage 
payment were ineffective in achieving worker co-operation unless the 
worker had more work to do as soon as he finished any task. One of 
Taylor’s functional foremen was a route clerk, who had the responsi- 
bility for routing the work from one machine to another. Another 
functional foreman was the instruction card clerk, who determined - 
how the work was to be done and prepared the necessary instructions ^ 
for the worker. The responsibilities of these two foremen have been 
enlarged to become the work of toe planning or production control 
department. ' - 

Scope of Planning and Control. The management of any acttajgjf ' 
requires three basic steps. First, plans are made for the work to bcj piftg . 
Second, the plans are put into effect by doing the work or by.; 
directions and commands to subordinates to carry out the vari< 

■„ included- in the plan. Third, the work is reviewed to determine i 
hue of the accomplishment and to revise the plan if necessary. These 
three steps havebeen aptly designated as planning, doing, and 

1 This staple but Appropriate classification was first used by Alvin Brown, Or$*nizatfom 
i l&fastiy (New York: Prentice^HaM, Inc., 1947), chap. *iii. 
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The planning phase of production control is usually thought of "as 
consisting of two steps. The first step, which is called "routing,” consists 
of planning what will begone; and the second step, which is called 
"scheduling,” consists of planning when an operation will be started 
and when it will be completed. The work of doing is usually referred 
to as "dispatching” because it consists of the issuance of orders to per- 
sons who are to do the work. The seeing phase of production control 
is called "follow-up” and "corrective action.” Production control there- 
fore includes four steps: routing, scheduling, dispatching, and follow- 
up. Corrective action may be thought of as a separate step or as one 
part of the follow-up. 

Each step in production control includes some connotations that are 
peculiar to this management activity. Routi ng includes plans for the 
machine or th e workplace where the work will be done*, the type of 
manufacturing op erations to be performed, and the quantity that will 
b e prod uced. It indicates the method by which the product will be 
made and prescribes the operations for making each part and each sub- 
assembly. Routing also includes the determination of the order in 
which the work will be done. Finally, routing includes determining 


where the work will be done. The departments that are expected to do 
the work and also the machines in each department may be specified. 
In short, routing includes all of the preliminary planning up to the 
point where the time schedules are established. 

In continuous manufacturing where a few products are made in a 
limited number of designs, the routing should be planned before the 
plant is laid out. The machines should be installed in the order in 
which the operations for the manufacture of the product are performed. 
The methods of materials handling should also be planned with refer- 


ence to the routing. If this planning has been done, no further attention 
needs to be given to the routing until the product design is changed 
when the layout would be changed to conform to the new design. If the 

f ^oplant is laid out by processes or functions, each production order must 
separately planned. 

* eduling fixes the tim e when Jhe~ ordex will he completed and . th e 
id prdducTwlll be placed in the storeroom or shipped to the cus- 
- In continuous mahufacfufing, the scheduling may not be neces- 
Ster the materials are placed in production at the head of the line, 
the machines arranged in the order in which the operations are 
performed, the work is moved along from one workplace to another by 
Conveyor or other method. If the plant is laid out by processes, sched- 
uling becomes necessary in order that each workplace may be supplied 
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with work and an undue amount of work in process will not accumulate 
at any workplace. Unless the work is moved along according to a de- 
tailed plan, the scheduled date for final completion and shipment to 
the customer may not be met. 

Dispatching means the execution of the plans as established in the 
work of routing and scheduling. It includes the preliminary work of 
preparation prior to the starting date, as well as the issuance of orders 
to the manufacturing departments. Before the factory begins work on 
the product, materials may be purchased, machines may be repaired or 
set up for the work, workers may be employed or trained, and machine 
tools may be manufactured or purchased. When work is started, orders 
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TO PRODUCTION DEPARTMENT FOR 
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ON ORDER 


PURCHASE REQUISITION 
TO PURCHASING 
DEPARTMENT 


WORK ORDERS ADDRESSOGRAPHED 
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FOR SAME PART ADDRESSOGRAPHED 
IN DUPLICATE 


MASTER COPY OF WORK 
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PRODUCTION DEPARTMENT 


TWO COPIES OF WORK ORDER 
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ONE COPY OF WORK 
1 ORDER FLED IN 
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MATERIAL THROUGH 
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WITH BLU EPRINT I 


PURCHASE REQUISITION 
RETURNED TO PRODUCTION 
DEPARTMENT FOR POSTING 
TO INVENTORY LEDGER 


ONE COPY OF 
PURCHASE ORDER TO 
RECEIVING DEPARTMENT 


ASSEMBLY AND MATERIAL 
REQUISITIONS 
ARE PREPARED FROM 
BILL OF MATERIAL AND 
POSTED AS REQUIREMENT 
ON INVENTORY LEDGER 


WHEN MATERIAL IS 
RECEIVED A RECEIVING 
NOTIFICATION SENT TO 
PRODUCTION 

DEPARTMENT FOR POSTING 
TO INVENTORY LEDGER 


WHEN MATERIAL 1$ 
DELIVERED BY STORES, 
REQUISITIONS ARE 
RETURNED TO 
PRODUCTION DEPARTMENT 
FOR POSTING AS 
DISBURSEMENT ON 
INVENTORY LEDGER 


WHEN PROCESSING IS COMPLETE, 
WORK ORDER COPY IS USED AS 
TRAVELER TO STORES AND POSTING 
AS A RECEIPT ON INVENTORY LEDGER 


no. 60. Flow Chart of th« Path af 6 Production Order 

, Prom F«d O. Orthey, "Production Control Based on Improved Inventory Records,” Pac* 
lory Management mi Maintenance, Vol. CV, No. 12 ( 1947), pp. 98-99. Used hy permis- 
sion. Fro<fc*ction department is synonymous with planning department 
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and instructions are issued to workers and to various departments in- 
cluding the storeroom, materials handling, and inspection. 

Follow-up includes checking up on the work as it progresses, compar- 
ing the progress with the original plans, and taking such corrective ac- 
tion as may be necessary or possible. 

The details of the steps in production control vary with the company, 
the product, and the persons responsible for the planning. The proce- 
dure followed by one company is shown in the diagram in Figure 60. 

An Illustration of Planning and Control. The four steps in produc- 
tion planning and control may be illustrated by almost any type of ac- 
tivity, such as baking a cake, growing a vegetable garden, making an 
automobile trip, or building a house. A familiar example is the serving 
of meals in a cafeteria. The line of customers and their trays corresponds 
with an assembly line in a factory. Each tray contains a variety of foods 
chosen by the customer to suit his needs, his preferences, and his purse. 
The four steps in planning and controlling the service are as follows: 

1. A complete meal is planned with choices for each course. The 
quantities of each type of food are determined, and the methods of 
cooking and serving each kind of food are planned. These activities 
constitute the work of routing. 

2. The time for beginning each phase of the work is fixed. The com- 
plete meal should be ready when the doors are opened for service. It 
is therefore necessary to determine the hour of the day when each meal 
will be served and also the hour when service will be discontinued. Since 
some foods require a longer time for cooking than others, the hour when 
each type of food will be started in the oven or on the stove should be 
determined by working back from the time when the first customers are 
to be served. These activities constitute the work of scheduling. 

3. The manager checks on the pantry to determine which foods are 
on hand and which should be purchased. Instructions are given to the 
Jkitchen and dining-room help as to the time for reporting for work. 
Tpod is purchased, prepared, cooked, and served according to schedule. 

activities constitute the work of dispatching. 

The serving of the meal may not proceed strictly according to plan. 
Snide ^f the help may fail to report for work on time. Food may not be 
available in the market in the necessary quantities or at satisfactory 
prices. Shortages of some foods may develop because the choices made 
by customers may not follow the anticipated pattern or because an un- 
usually large number of persons may ask to be served. Some of the food 
..may be rejected because it was not properly prepared. The manager 
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must therefore be prepared to provide substitutions or to make other re- 
visions of the original plan. This work constitutes follow-up and cor- 
rective action. 

The cafeteria is used merely to indicate the principal steps in the prob- 
lem. In fact, production planning is usually much more complicated. To 
cite a specific example, a plant of the Western Electric Company manu- 
factures over 2,000 different types of electric coils. The planning of the 
manufacture of a coil requires routing through 2 to 20 operations, and 
the sequence of the operations lacks uniformity. The weekly output may 
be 700 orders. The planning department usually schedules about 71000 
operations each week. This planning requires a large amount of\de- 
tailed work. \ 

Advantages of Production Planning. The planning and control of 
production is intended to permit the use of machines for as large a per- 
centage of the time as possible and to assure employees steady and con- 
tinuous employment. When the product is routed through the plant in 
lots or batches, such as batches of shirts or trousers, the quantities are 
planned for the continuous operation of the workplaces and for other 
economies. The reservation of materials for work planned ahead or the 
planned purchase of needed materials should prevent the interruption 
of production due to a lack of materials. The planning of parts produc- 
tion may avoid interruption of work due to a shortage of parts on the 
assembly line. 

4 The planning of production is desirable not only for the reduction of 
manufacturing costs and the maintenance of good employee relations 
but also for favorable relations with customers and vendors. Customers 
benefit from the orderly delivery of finished goods according to sched- 
ule. Vendors benefit because they can more effectively plan their own , 
production. Rush purchase orders are avoided when production is 
planned, and the requirements for materials and purchased parts are 
anticipated. As explained in relation to inventory problems, the work 
of the purchaser may be so closely co-ordinated with-that of the vcnd org£ ~ 
Halt containers, parts, and some materials may move directly to, 
production line without first being put in the storeroom. 

Halation to Other Management Problems. The work of pr 
planning mid control is affected by virtually all other activities j 
enterprise because a primary objective of the business is the pr 
and sale of goods at a profit. It is affected by the location of the |ftuit 
in relation to the sources of materials and manufactured parts and to tbe 
time required fOr deliveries. It may also affect the mode of transport** 
twn, uduch m ight be rail, water, or truck. Plant location also Affects the . 
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choice of a type of building and therefore the plant layout. All these 
management policies affect the time required for the purchase and de- 
livery of materials into stock and for transfer from one department to 
another. 

The kind of materials-handling equipment in the plant is also an im- 
portant factor in production planning. Material dropped down a chute, 
put on a moving belt, or pushed along the line is immediately available 
at the next workplace. If the work is placed on a hand truck which is 
later moved by freight elevator to the next floor, allowance should be 
made for the time required in transportation in planning the load of 
work at the next workplace. Equally significant is the provision of gen- 


eral-purpose or special-purpose machines. General-purpose machines 
permit greater flexibility in planning and may make it possible to route 
work around a bottleneck operation. Machine breakdowns are less dis- 
rupting when machines can be used for more than one type of work. 

Personnel programs affect production planning because they affect 
the efficiency of the workers and the speed of work. Important person- 
nel plans and programs are the training program, the employment and 
induction procedures, and service activities. 

The practice of buying or making parts should be considered. Dur- 
ing busy years or seasons, some companies buy many parts which they 
make for themselves at other times. A closely related practice is that of 
manufacturing for stock in the dull season in anticipation of later de- 
mand. When this method is followed, the volume of production in the 
dull season is equal to the sales plus the amount put into stock. During 
the busy season the output is equal to the sales minus the amount with- 
drawn from stock. The stabilization of production is related to guar- 
anteed employment or the guaranteed annual wage. 

Other significant management programs which affect production 
-planning are plant expansion; improvement of working conditions; ad- 
,'dition of new products; standardization of workplaces, tools, materials, 


£$$pd products; and overtime work. 

*^piportniinli Affected by Production Planning. The work of pro- 
planning and control constitutes a staff or facilitating function. 
Tljgflow of work from one department to another is planned, and 
and completion dates are fixed by the planning department. 
Th^nSanufacturing departments report the progress of work to the 
planing department in order that it may take corrective actioi£ if neces- 
sary. Planning affects the purchasing department, which places orders 
for, ■materials to be delivered by the vendor in time for work to be done. 


The store^department receives the material upon delivery, stores it 
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until it is needed, and issues it for use in production when requisitions 
are presented. The personnel department uses the production plans or 
the production budget for the preparation of a personnel budget. Em- 
ployees are hired, trained, transferred, or laid off in accordance with the 
plans for production. 

The maintenance department co-operates in the production program 
by periodically inspecting equipment, lubricating machinery, making reg- 
ular and emergency repairs, and overhauling machinery. The toolroom 
stores, issues, and repairs the machine and hand tools used in produc- 
tion. Its responsibility is to see that proper ‘tools are available fo« each 
task. \ 

Product design is also closely related to planning. The design or the 
product prescribes the parts necessary to assembly. The product should 
be designed with reference to the costs involved in routing and schedul- 
ing and also with reference to the machines required for processing. In 
the continuous-process industry, as previously explained, the product 
design determines the layout. Production time is also affected by the 
closeness of the tolerances, which affect machine time and may increase 
the number of defective parts. 

The work of inspection is related to production planning because the 
planning department notifies the inspection department when to inspect 
and receives reports from the inspector when the inspection is com- 
pleted. Close inspection may result in the necessity for reworking the 
product or it may require the placing of a new work order to replace 
the rejected parts. 

The production standards set by motion and time study indicate the 
probable time that will be required for a task at any workplace. Such 
standards are used to schedule the work and the moving of the mate- 
rials. Motion study is a factor in planning because it should reduce the 
time required for each task. 

The sales division supplies customers with estimates of delivery dates 
which are dependent upon the work of production-planning. After the 
order of a customer has been accepted, inquiries from the customer as to 
the progress of the order are referred to the planning department. 

Production Control Methods. Production control systems are of three 
types — planning by line departments, systematic planning, and scientific 
planning . Planning and control by line departments, which is also called 
"conveiilbnal control,” represents the minimum of planning. Orders 
for work to be done are issued by the plant superintendent to the fore- 
man of the fieri; processing department, with no date of completion sped* 
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fied. The foreman plans all work within his department and assigns 
work to machines and men in whatever way seems best to him. When 
operations are completed in one department, the foreman has the work 
transferred to the next department and makes a report of its progress to 
the general foreman or the plant superintendent. If an order is delayed 
in production or a customer requests an early delivery, the sales division 
may report the fact to the plant superintendent, who will check on the 
status of the work and will attempt to have it completed in time to 
satisfy the customer. In some companies, expediters are employed to 
see that preference is given to rush orders. Although this method has 
produced satisfactory results in many small plants, it may prevent an 
orderly flow of work and thereby increase costs. 

In systematic control, plans for dates of completion of orders are 
made according to promises given to customers or to dates of delivery 
to the storeroom for the replenishment of stocks. Progress reports are 
made to the planning department upon the completion of work at each 
machine or in each department. The planning department constantly 
compares the progress of each order with planned completion dates, 
estimates the time required for subsequent operations, and takes cor- 
rective action when necessary. 

In complete or scientific control of production, all phases of produc- 
tion are planned by a staff department. The plans should include start- 
ing dates in the first department and the completion dates in the last 
department, as in systematic planning, and they also include schedules 
for each step in production in the other departments. In planning this 
work, the planning department uses the results of motion and time 
studies and the standards established by such studies. In some com- 
panies, the planning department may have authority to assign work to 
each machine and to each worker at each workplace. It may give prece- 
dence to a delayed order to bring it up to the schedule. To accomplish 
its objectives, it may advise the production engineer concerning the 
specifications for the product and the parts used in manufacture. It may 
control the balance of stores record, and it may originate requests for 
the' purchase of the needed materials. Tool design, purchase, and re- 
pair should also be co-ordinated with the work of production planning. 

Centralized or Decentralized Control. When planning and control 
are centra I the planning department determines the order,of work 
at eac h workplace . The worker reports to the planning department 
when he has finished a task, and he is then assigned to a new task. The 
foreman is relieved of responsibility for the order of work, and he is 
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free to devote his time to general supervision. However, foremen some- 
times object to being deprived of authority in connection with work 
assignments. 

In decentralized control, the central planning department schedules 
the work to die manufacturing department and determines the date 
when the work is to be started and completed in each department. The 
foreman assigns tasks to workers and to machines and sees that the dates 
prescribed by the central planning department are met. This arrange- 
ment permits over-all control of production but leaves considerable au- 
thority to the foreman. Many companies th'at formerly used centralized 
planning have found decentralized planning to be less expensive^ and 
more effective. The trend is toward decentralized planning. 

Effect of Method of Manufacture. Methods of production planning 
and control vary widely because methods of manufacture differ. In- 
duction methods are of two general types: first, the production of a 
variety of products for stock or for orders of customers and, second, 
mas s production or quantity production of one product or a very few 
products for stock or for shipment directly to customers. 

When a company produces a variety of products, several differences 
in methods of production are possible. The product may be made from 
a number of materials with standard parts. Examples are stoves, electric 
fans, radios, and office appliances. It may be made from a small number 
of materials in a variety of patterns or designs. Examples of this type of 
product are china, flat silver, costume jewelry, linoleum, and shoes. It 
may be made from a large number of materials, with each job separately 
planned. Designs and specifications used for one product may not be 
used for another. Examples are houses, bridges, ships, and custom-made 
clothing. 

In mass-production industries, two types of operating methods affect 
the planning. First, some companies produce one product or a few 
products in quantity; and the customer is expected to purchase the stand - 1 
ard products. The specifications of the product are-not changed to meet; 
the preferences of individual customers. Examples are ice cream,,, 
meat, flour, bread, gasoline, salt, and various chemicals. 

. Second, some companies make the product in a limited number of 
designs. Although the customer is permitted in advance of production 
to choose the design he prefers, he must select one of the standard de- 
signs aJ%ted by the manufacturer. Examples of these products ate 
combination breakfasts in a restaurant, certain types of building mate- 
rials, and autdotohiles. 



THE PROBLEM OF PRODUCTION PLANNING AND CONTROL 


605 


Production planning and control also depend upon whether produc- 
tion is of the assembly or the continuous type. Continuous industries 
are further classified as synthetic or analytical. The assembly industry 
may be compared with a river having numerous tributaries, with each 
tributary being fed by smaller streams. The main artery of the river 
corresponds with the main assembly line in a factory. The tributaries of 
the river correspond with production lines for the major parts of the 
product, and the streams feeding the tributaries correspond with the 
lines for producing parts which are assembled to make the major sub- 
assemblies. The mouth of the river corresponds with the end of the 
assembly line. The situation is shown graphically in Figure 61. 

SCHEMATIC ASSEMBLY LINE 

POSITIONS 

21 20 19 18 17 16 15 14 13 12 11 10 9 7 6 5 4 3 2 





FIG. 61. Lln«» for Assembly of a Product 

:;;;|^roduced from Schedugraph, prepared by Remington Rand, Inc. Used by permission. 

f . - The system of production control should be adapted to the require- 
ments of the individual company and its methods of production. No 
system can be prescribed to meet the needs of all businesses. When the 
production period is short, a simple system may be satisfactory When 
it is long, a more detailed and elaborate system may be necessary. In 
continuous indus tries the planning of weekly or monthly output with 
regular follow-up of production records may be sufficient. 
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QUESTIONS 

1. Compare the need for production planning in the factory system with the 
need under the handicraft system and the farming-out system. 

2. Illustrate the principal steps in production planning with reference to 
adding a porch to a house. Illustrate by reference to making a trip by automobile. 

3. Show the relation of product design and the setting of specifications for 
the parts to production planning. 

4. Show the relation of the decision to buy or make a part to production 

planning. , j 

5. How is production planning affected by the method by which tha plant 

is laid out? \ 

6. How can the planning department make its plans effective when planning 

and control is considered a staff function ? \ 

7. What is the relation of production standards as established by time study 
to methods of production planning? 

8. How is production planning affected by differences in the point at which 

the materials are put into production ? In bread making, for example, all ma- 
terials except paper for wrapping are put into process at the head of the line. In 
candy making, some materials are put into process after the first ingredients have 
been cooked. I 

9. In what type of industry would the movement of materials be considered 
a separate process? 

10. Show how the various activities discussed in preceding chapters are related 
to production planning. 

11. Would any company now leave all of the planning and control of produc- 
tion to the plant superintendent and the foremen ? 

12. The plant of an appliance manufacturer that makes five types of products 
was formerly laid out by processes. Parts were made in the various departments 
and moved to an assembly department for the final assembly. The five principal 
products are washing machine parts, refrigerator parts, jet engine parts, valves* 
and fittings. The layout of the plant was changed in order that each type of 
product was made in a separate department. How would this change affect the 
organization of the company? How would it affect production planning? 


CASES 

70. PLANNING FOR PRODUCTION 

The Jackson and Harper Company manufactures office forms, such as order 
blanks, invoices, and cost sheets. Each order must be made to meet the specific 
requirements of the customer. The plant may handle as many as 1,200 orders 
each month. The plant is organized into five departments — preparatory, press, 
finishing, receiving and stores, and shipping. 

Because of the large number of orders to be handled, considerable difficulty has 
been experienced in preventing an accumulation of work in process and in meet- 
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ing promised delivery dates. The control department has designed a single form 
for production control, which is expected to simplify the procedure. The form 
consists of an original and a number of copies, in order that all interested de- 
partments may receive proper notification of plans and schedules. 

In planning for production, the first step will consist of assigning a production 
order number and typing a production order form. The production order will 
then be sent to the routing section where the operations necessary for production 
will be determined, and machines most suited to the work will be indicated. This 
information will be entered on the form. Next, the production order will be 
referred to the materials control section, which will calculate the amount of ma- 
terials that will be needed. If the required materials are not in stock, they will be 
ordered; and delivery dates will be noted on the production order form. Then 
the order will be referred to the standards section, which will estimate the prob- 
able time required for production at each work station. 

Starting and completion dates will now be determined, and the time for each 
operation will be scheduled. Orders will be listed on a machine-load bulletin 
board in the order in which they are to be run. A master schedule will also be 
kept to show starting and completion dates for each order. Each department is 
to be notified of work scheduled for the department by sending it a copy of the 
completed production order. Each department will maintain a bulletin board 
which will provide space for scheduling work at each machine. 

Communication between the manufacturing departments and the production 
control department will be effected by telephone and by personal conferences. 
Written reports on the progress of work will not be required, but foremen and 
workers will be expected to maintain the schedules set. In cases of delay, foremen 
will be expected to determine the cause and correct the situation if possible. 

Questions: 

1. What manufacturing problems are peculiar to the production of business 
forms ? 

2. Why is scheduling especially important in this industry? 

3. What is the advantage of the use of a simple form prepared in several 
copies? 


71. PLANNING FOR SPECIAL ORDERS 

The Automotive Radiator Company makes radiators for large automobile 
manufacturers and also for automobile repair shops in the area. Most of the 
orders are for large quantities of radiators for a few makes of cars, but some or- 
ders am for one, two, or three radiators for an earlier model car. The company 
can supply a radiator for a model of any make for any year, since it has on file 
the detailed specifications for all makes, including radiators for cars no longer 
manufactured. 

The plant of the company is laid out by processes, since the products are too 
diverse to permit a production line. The production planning department issues 
complete instructions to the first department where radiators are started in produc- 
tion. The work is inspected after processing is completed in the department, and 
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a report is sent to the production planning department. A move order is then 
issued by thglproduction planning department, and the work is then moved in 
compliance with the order. This procedure is continued as the work moves along 
* from one department to the next. About four weeks are required for the comple- 
tion of an order. 

Since customers are permitted to order one radiator at a time, small orders are 
frequently received for radiators to be installed in earlier models of cars. Until 
recently, small orders were handled in the same way as large orders. Customers 
have protested against the long delay in deliveries as the automobile owner is 
always in a hurry to have his car repaired and returned to him. Unless a dis- 
tributor has stocked a radiator in advance which can supply to the repait shop, 
a long delay is inevitable. \ 

# In practice, the small orders usually require a longer time in production than 
large orders. A small order might require the resetting of a machine, anai both 
foremen and workers object to frequent changes. Even though an order for one 
or two radiators might be marked "Rush,” workers were inclined to take the l^ng- 
run standard items first. The company employed expediters to move through the 
plant and to see that rush orders for small quantities were given priority. Some- 
times when two radiators of a kind have been ordered, only one would be de- 
livered to final assembly and inspection. The responsibilty for such an error is 
not easily placed, as the mistake might have been made by the production control 
clerk or by operators anywhere along the line. Delays of this kind are very annoy- 
ing to the customer and the sales division. j 

To correct the difficulty, the plant superintendent has agreed to use one corner 
of the plant for the processing of small orders. One machine of each type will be 
moved from each operating department, and these machines will be set up in a 
new production line. No paper work will be required except for the one produc- 
tion order for the manufacture of the radiator. All of the processing, inspecting, 
and transferring of small orders in production will be supervised by one foreman. 
Under this arrangement, work will be handled more rapidly. The plant superin- 
tendent believes that most orders can be completed within twenty-four hours after 
the instructions are issued to the department. 

Required: ; 

Discuss the advantages of the proposed change in layout and the problems thatf 
may be created. 



CHAPTER 


34 Routing 
and 

Scheduling 

T HE discussion in this and the next chapter relates to pro- 
duction planning and control in diversified manufacturing, where each 
order is separately routed, scheduled, and dispatched. In a later chap- 
ter, planning and control in continuous manufacturing or mass-produc- 
tion industries will be considered. In diversified production, the plan- 
ning department may consist of four sections, suggested by the four 
steps in production planning, and control. However, routing is so closely 
related to the design of the product that it is frequently regarded as an 
engineering function. A possible organization of a planning department 
is shown in Figure 62. In this organization, routing is not included. 


MANUFACTURING DIVISION 


PRODUCTION PLANNING 



INVENTORY 
CONTROL 
Maintains balance of 
stores records 
Makes reservations 
of material for 
work planned 


SCHEDULING 

Schedules work for 
departments 
Schedules deliveries 
to customers 


DISPATCHING 
AND FOLLOWUP 
Dispatches work 
to departments 


Follows up and 
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This function is assumed to be a part of the work of the design engineer. 
The control of the balance of stores inventory records is placed under 
the manager of production planning. Production control is concerned 
with quantities on hand, on order, and reserved for work planned ahead. 
It is not especially concerned with unit cost or with the total value of 
the inventory. For this reason the inventory control function is usually 
included in the accounting department. 

ROUTINQ,. 

The work of routing in diversified production depends in pakt upon 
the nature of the manufacturing processes. In some cases, the product 
may be made of one piece of material which is fabricated at a number 
of workplaces. For example, a circular wood saw, as explained in the 
discussion of plant layout (see page 215) is made of one piece of steel 
which is cut to size and then subjected to such operations as punching 
center hole, cutting teeth, sharpening the teeth, and tempering by heat 
treatment. These operations would be listed on a route sheet, which 
would also provide other information, such as the specifications of the 
materials and the workplaces where the work is to be done. 

In an assembly industry, the product is made of several parts and 
subassemblies which are purchased or processed separately and then 
assembled. Routing indicates the materials and the processes required 
to make each part and each subassembly. The work of routing may 
consist of six steps, which are: 

1. The parts necessary for the final assembly of the product and also 
the subassemblies are listed, and their specifications are stated. 

2. The sequence in which the parts are to be manufactured and as- 
sembled is determined. 

3. The materials, necessary to the manufacture of each part and the 
quantities of each material are fixed. 

, 4. The steps or operations. necessary to the manufacture of each part 
are listed. The jigs, cutting tools, gages, and fixtures which will be 
needed in the manufacture of the product are determined and listed. 

5. Forms fo r use in dispatching are prepared and filed. 

6. Provision is made for dividing the order into the proper batches, 
since the routing of all the material for a production order in one lot or 
batch may be uneconomical. 

Ports Necessary for Assembly. To cite a simple illustration of what 
the first Step involves,- the parts necessary for the manufacture of a 
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blackboard eraser would include a wood or fiber back and perhaps five 
strips of felt, three of which might be black and two white. The parts 
necessary for the manufacture of a knife might be one large blade, one 
small blade, a backspring, two strips of steel, two strips of bone, and 
two rivets. A pair of scissors would require two blades and one rivet. 

More complicated products would require a consideration of the 
parts necessary for subassemblies. For example, a bicycle is composed 
of a frame, a front wheel, a rear wheel, a seat, a chain, handle bars, and 
two mudguards. These parts are called "subassemblies” because each is 
composed of several parts. The wheel, for example, consists of a hub, 
a rim, a number of spokes, a tire, and an inner tube. The production 
planning would necessarily take into consideration the fact that some 
of these parts would be purchased, while other parts would be made in 
the plant. 

Sc^Sequence of Parts Completion. An ideal planning and production 
schedule might make it possible for all parts to reach the assembly line 
at the exact time they are needed. In most cases, however, this ideal 
cannot be realized because of delays in delivery of material, machine 
breakdown, absence of employees, accidents, precedence given to special 
orders, and failure of employees to meet standards. In some cases the 
quantities of a part required on the production line are not sufficiently 
large to permit economical production. The better plan, therefore, may 
be to produce parts for reserve stock to be withdrawn from the store- 
room as needed. The maintenance of a reserve bank of parts at each 
workplace along the line may be desirable to prevent delays and inter- 


ruptions. 

y. Materials Necessary. The kinds a 
be required in production should next 
be determined. If parts are produced 
and stored in advance of production, 
the parts are included in the list of 
materials. The list of parts and ma- 
terials required for the production of 
an article is called a "bill of materi- 
als.” .. If the product is complicated, 
such !as, a typewriter or a computing 
machine, the bill of materials may in- 
dude several pages. A part of a bill 
of materials is shown in Figure 63. 

ig many cases the bill of materials 
may be quite simple. Materials for t 


quantities of materials that will 


BILL OF MATERIALS 

NAME OF PRODUCT SIMPLEX 6 CYL ENGINE MODEL NO._2L 

DRAWING NO 72 560-4 NO. Of SHEETS ?< _SHEtT NO J — 

PART NO. 

UNITS 

PART OH MATERIAL 

77m 
2733 S 
>1620 
45601 
25219 
21702 
34922 
>7J0P 
46203 
26523 
27117 
25613 
S73I4 

2 

4 

2 

1 

1 

6 

16 

6 

4 

4 

6 

BEARING 

BUCKET 

HINGE- 

base 

CONNECTING *00 

NOOK 

S8& 

BS . ‘ 


FIG. 63. Bill of Motorioli 


From Management Controller , pre- 
pared by Remington Rand, Inc. Used by 
permission. 

manufacture of glass bottles to 
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the order of the customer would include only die sand, some chemicals, 
and coloring matter. Tin cans would require only the coated sheets, 
some solder, and plastic coating. Candy would require chocolate, sugar, 
and a limited number of other ingredients. Printed forms require metal 
for the plates, paper of a designated quality, ink, carbon paper, and 
shipping cartons. 

Operations Necessary. When the flow of work is planned, the order 
is first routed by departments and then to specific machines. The rout- 
ing by departments indicates the general steps in production. The pro- 
cedure is much the same in any business, although the named of the 
operations and departments will vary. The steps in various industries 
might be as follows: \ 

Machine Shop Operations : Lathe, mill, shape, drill, grind, inspect, ship, 

Printing Steps: Copy, composition, engraving, mats, make-up, client O.K., 
pressroom. 

Foundry Operations: Patterns, cores, flasks, molding, cleaning, inspect, ship. 

Advertising Steps: Copy, photo, layout, final copy, client O.K., art, paste-up, 
printing. 

Textile Production: Grilling, combing, drawing, spinning, spooling, ship. 

Job Shop Operations: Cut off, mill, drill, weld, plate, polish, assemble, deliver. 

Publishing Operations: Editorial, composition, galley, author, illustrations, 
paging, author, press, bindery . 1 

After each general step in production has been planned, the product 
is routed to specific workplaces and machines. The detailed operations 
are listed on an operation ticket which is sometimes used also as a shop 
travel card to accompany the material as it moves through the plant. 
The operation ticket shows the following information: 

Part number and name. 

Quantity to be manufactured. 

Operation names and numbers. 

Department and machine numbers. 

Number or specification of tool to be used. 

Estimated time required for each operation. 

Space may be provided on the operation ticket for the insertion,,!^. the' 
date when each operation is scheduled for beginning and completion. 
This information is entered later aS a part of the work of sch e&ftin g- 
Space may also be provided for entering the number of the operator to 
whom the work is assigned when an order is dispatched. A form t-i the * 
Operation ticket is illustrated iti Figure 64. 

* Adapted • from Wcssell Organization, | n c. How to Prevent Mishandling of %: - 
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NUMBER MB 

STANDARD 

MATERIAL 30 007$ X 40 X 720 QUANTITY 200 

DIPT. 

NO. 

OPERATION 

HOURS PER 
100 PARTS 

MACHINE 

NO. 

TOOL 

NG 

DATE 

OPERATOR 


DRAW ABCNE MATERIAL FROM 

STOCKROOM A FOB DEPT NO 1 

DRAW PARTS FROM STOCKROOM 3 FOR 

DEPT. NO. 3-7- PDt_2057 






1 

SHEAR TO 2-1 16X48 

0450 • 

310 

10-915 



1 

SHEAR TO 1.135 

0.500 

314 

10-915 



1 

NOTCH END 

0.110 

312 

13 -032 



1 

CHANNEL FORM 

0.200 

376 

K-5939 



2 

GRIND EDGES 

0500 

687 

14-686 



3 

WELD FILLER 

0500 

744 

12-144 



3 

DRILL 2 HOLES 

0J7S 

253 

77-44 



3 

TAP 2 HOLES 

DELIVER TO STOCKROOM C 

0.S7S 

253 

8-461 




FIG. 64. Operation Ticket 

From Management Controller , prepared by Remington Rand, Inc. Used by permission. 


The routing to machines may be a flexible arrangement, if many ma- 
chines are general purpose. Sometimes, several sizes and types of mill- 
ing machines or lathes, for example, may be available for doing certain 
kinds of finishing operations. A flat surface on a small casting may be 
finished by hammer and chisel, file, shaper, facing in a lathe, milling, 
surface grinding, or broaching. Corrugated paper may be made on a 
machine that will process wide rolls of paper or narrow rolls, and tex- 
tile fabrics may be made on wide or narrow looms. Corrugated paper 
boxes may be stapled by fully automatic machines or at manually oper- 
ated machines. Chocolates may be hand-dipped, or the chocolate coat- 
ing may be applied automatically by machine. The method and the ma- 
chine used in any case will depend upon the exactness of the work 
jshuired, the time allowed for the work, the work already scheduled 
rfor each workplace, and the price at which the product will be sold. 

. The operation ticket is similar in some respects to the process chart 
' as described on page 224. Both forms list the operations necessary to 
_ the manufacture of the product. However, the operation ticket is used 
in diversified manu facturing where the operating departments must re- 
Osxve detailed instructions as to the work to be done to make a product 
of SL^iwm size, style, color, or other specification. It also indicates quan- 
riridtio be produced. The process chart is stated in more general terms 
and indicates only die operations or processes necessary to the manu- 
facturc of any product. For example, theprocess chart for making shoes 
■W&i indicate only the general steps oficutting the leather, trimming 
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the parts for the lining, sewing, and assembly. The operation ticket 
would carry detailed instructions for a particular style, size, and color 
to make a specified number of pairs of shoes. 

The processes as listed on the process chart may have been built into 
the layout, and the work of routing would thereby be simplified. For 
example, various types of jars and bottles, corrugated paper, or tin cans 
would usually be made on the same machines, with changes in molds or 
in machine set-up. The manufacture of cubes of pressed sugar or small 
cakes of soap in wrappings bearing the name of the customer/ would 
likewise be done on the same line as olfier orders, with only a (change 
in machine adjustment and a change in the roll of -paper on the 
wrapping machine. \ 

Preparation of Forms. Several forms are prepared as a part of the 
work of routing. The purposes of the forms are, first, to notify a depart- 
ment of the work to be done and, second, to provide a report of work 
completed. Where many persons are concerned with the work, it is 
often possible to include on one form the information which may be 
required by two or more departments. Copies of a form may be pre- 
pared in different colors for the use of various departments. For ex- 
ample, the operation ticket may be prepared in seven copies, as follows: 

Color Use 

1. White Master standard operation sheet for use by the engineering depart- 

* ment. 

2. Ecru Central production order control form. This copy is placed in the 

master file in the production control department. 

3. Green Departmental production order control form. One copy is prepared 

for each interested department. Each copy indicates the date the 
department is to start work on the order. 

4. Buff Traveling production order form. This copy is attached to the ma$ 

terial. It is sent to the first department where work is started ai*3 
it travels with the material as work progresses. 

5. Salmon Material requisition form. This copy is sent to the first interested de- 

partment which uses it to draw materials from stores when the 
work is started. 

6. Blue Parts requisition form. This copy is sent to the first interested depart- 

ment which uses it to draw parts from the storeroom when the 
work is started. 

7. Pink Cost* department notification form. This copy is sent to the cost de- 

partment which uses it to set up the cost record for work in process. 
The reverse side may be printed to provide space for job costs as 
- the work is done, 2 

* Remington Rand, Inc. Management Controller , p. 21. 
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The copies of the operation ticket are prepared by the use of mimeo- 
graph or other duplicating equipment. All copies of the ticket are re- 
ferred to the clerk in charge -of the balance of stores records, who de- 
ducts the quantities required from the available balance. If the material 
is not available, he holds the forms until it becomes available. A similar 
procedure is followed for tools and fixtures. The forms are not sent to 
the departments concerned until materials, tools, and drawings are 
available and the work has been scheduled. One form that is in common 
use is the material requisition. This form is sent to the storeroom to 
authorize the department to which the material is to be sent and indi- 
cates the number of the production order. 

If the material is moved by crane or truck rather than by conveyor, 
a move ticket may be used to authorize a worker to move it. This form 
identifies the material, indicates the quantity, and shows the production 
order number. It may indicate the sequence of operations, as well as 
the department to which the work is to be moved next. If a separate 
move ticket is prepared, the buff copy of the operation ticket, referred 
to as the "traveling production order form,” would not be used. 

When the work is inspected by a professional inspector, a special 
form called an "inspection ticket” may be used to notify him that the 
work is ready for inspection. This form provides space for recording 
the number of good pieces, the number of pieces rejected, and the cause 
of rejection. 

The shipping order is a notice issued to the shipping department to 
ship stated quantities of the finished product to a customer. Provision is 
made in the form for the recording of partial shipments. 

Division of Work into Batches. When the work is routed from one 
, workplace to another, economies may sometimes be effected by sending 
ifche material through the plant in batches instead of in a single lot. Ex- 
amples are articles of clothing such as trousers or dresses, chapters of a 
book in a printing plant, the printed books in a bindery, and springs for 
automobile seats or beds. When material is moved in batches, the ma- 
chines need not be reset for each batch; and a part of the material is 
forwarded to the next department when an operation is completed, in- 
stead of being held until the operation has been completed on all units 
in the order. The decision as to the most economical quantity in a batch 
is a part of the work of routing. 

The first consideration in dividing the order into batches is the eco- 
nomical unit for materials handling. When material is stored in the 
Storeroom on pallets, the economical sizg of the unit would be a pallet 
load. If the mat eria l is stacked in cartons, the unit might be cme carton 
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Of perhaps two or more cartons. In still other cases, the economical unit 
for materials might be stated in rolls of paper or bundles of steel sheets. 
The use of the economical lot size facilitates the stacking of material 
in die storeroom and moving it to the first workplace for processing. 

The size of the batch is also affected by the space required by the ma- 
terial and the amount of space available at each workplace. Another 
factor is the method of internal transportation and the cost of moving 
small batches. The investment in the inventory of work in process 
should also be considered. Costs may ^increased by holding materials 
until the operation has been completed on all units. Since theiproduct 
can be finished and shipped to the customer in shorter timeiif it is 
moved in batches, the urgency for getting the work completed would be 
another factor. The person in charge of routing should also take into 
consideration the amount of work already planned ahead for succeed- 
ing departments. If departments which perform later operations al- 
ready have all of the work they can do, and if a transfer of the material 
in batches would only result in an accumulation of work in later depart- 
ments, no saving would result from the division of work into batches. 

The effect of the division of work into batches is shown in the chart in 
Figure 65. The chart shows that if the work is routed in one batch, it 
cannot be completed until the end of June. If it is routed in two batches, 
it can be completed by the middle of May. The time required in produc- 
tion can be further reduced by dividing the work into a greater number 
of batches. 

It should not be inferred that routing in diversified production always 


MARCH AMUL 


provides for the movement of material in batches. In some cases the 

work of routing includes the grouping of 
various customers’ orders into a single lo£g 
to make an economical lot or batch. Fq 
example, a candy company owning a fagi 
mr « tory and a chain of candy stores wouSt 

routed in one katch plan production in the factory to permit 

march AMR. the production of candy for several states 

” n ’ on a single factory order. A bottle com- 

pany might group orders of customers fot 
^ 'j bottles to permit the production of one lot 

wok Rcxmo m two aatchh of bottles of the same size through one 

order on the factory. The arrangement 
no. as. Effect ofjDMdinfl Work WO uld permit the economical operatioriof 
tnfe SotckM tfce mixing equipment and the taflJt'3f»|r* 

'each, provided the bottles are of the same size and color. They need$j& 


WORK ROUTED IN TWO MTCHfS 

no. 45. Effect of Dividing Work 
ivtfe fafth* 
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be the same shape because they are shaped in different molds. A linole- 
um manufacturer would group orders from sales offices or distributors 
to permit a large run of linoleum of the same quality and the same 
pattern. 

SCHEDULING 

The second step in production planning is scheduling. This step is 
closely related to routing because routing cannot be completed without 
reference to the work previously scheduled for each department. Rout- 
ing and scheduling are often done by one person, and the two steps are 
performed simultaneously on different production orders. The produc- 
tion planning department may find it necessary to reroute an earlier 
order to provide for later work. Both the routing and the scheduling 
may be changed in case of machine breakdown, delayed deliveries of 
materials, and other emergencies. Each of the first two steps affects the 
other, and both depend upon dispatching and corrective action. 

Nature of Scheduling. Scheduling of work introduces the element 
of time. It may provide only for starting and completion dates; or it 
may provide for starting, completion, and transfer dates from depart- 
ment to department. Usually the date of completion or delivery to stock 
is first determined, and then the date when work is to be completed in 
any department is determined by working backward from the final com- 
pletion date. For example, a publisher might schedule a book for publi- 
cation on April 1. Preliminary steps could then be scheduled as follows: 

Delivery to stock, in batches, beginning April 1. 

In bindery, in batches, received in bindery February 15 to March 1. 

In press, February 1 to Febraury 28. 

Correction of plates, set type for index, January 20 to January 31. 

Page proof read by author, index prepared, December 15 to January 25. 

- Preparation of pages and page proof, December 10 to January 15. 

. Preparation of illustrations, November 1 to December 31. 

Galley proof read by author, November 5 to December 31. 

Type set, November 1 to December 15. 

Editorial, October 1 to October 31. 

Ujpill be observed that some operations are planned to overlap in 
point s time. Galley proof is to be sent to the author before the setting 
of thte type has been completed. Illustrations are to be made while the 
type # being set. The books are to be sent to the bindery and delivered 
tp in batches. The situation is shown graphically in Figure 66. 
diagram in Figure 66 is prepared on the principle of the Gantt 
The short vertical line to the left Sf each horizontal line indicates 
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EDITORIAL u. 

TYPE 

AUTHOR 

ILLUSTRATIONS 

PAGES 

AUTHOR 

CORRECTION 

PRESS 

BINDERY ' 

STOCK 

I — Sgigg." — I — Np yt -M»EB l PKLMii* I mum I rimwm. <p*a _ l 

PIG. 66. Scheduling Production 

tho date when an operation is to be started. The short vertical line to 
the right indicates the date when an operation is scheduled to be cpm- 
pleted. Horizontal spaces represent the time required to complete the 
processing of the work. The space for one week does not represent the 
same quantity values for different phases of the work. It may represent 
pages of manuscript read and marked by the editor, ems of type set by 
the typesetter, plates prepared, or number of books printed or bound in 
the designated period of time. The time required for transportation of 
materials is included in operation time. 

Purposes of Scheduling. The inclusion of the time element in pro- 
duction planning serves a number of purposes for various persons inside 
and outside the company. Operating departments can use the informa-i 
tion pertaining to the amount of work planned to schedule personnels; 
exjtra shifts, overtime, machine repair, and other work. Foremen can de< 
termine for themselves whether their operations-are on schedule. The 
purchasing department may make its plans for the purchase of supplies, 
tools, or equipment. The machine shop can know when special fixtures, 
molds, or tools will be required. The planning department knows at 
each stage whether an order is on schedule and whether corrective action 
will be necessary. If a machine or department is becoming overloaded, 
the fact is known in time to permit rerouting of some of the work, de- 
clining additional customer orders, or making other plans. 

Satisfactory relations with customers and vendors depend upon sched- 
uling the work and then producing according to schedule. Deliveries 
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may be promised to customers with the assurance that the goods can be 
delivered on time. A garment manufacturer, for example, who plans to 
make shirts or dresses for sale in a seasonal market requires assurance 
that textiles, buttons, and thread of certain specifications will be avail- 
able when they are needed. Scheduling permits the production plans of 
one manufacturer to be integrated with the plans of others. 

Information Necessary for Scheduling. Before the element of time 
can be introduced into the planning of work, information should be 
available to indicate the operations necessary for the manufacture of the 
product as established by the product design engineer or the person in 
charge of routing. This information is shown in the operation ticket 
(Fig. 64, p. 613). The person who schedules the work needs to know 
the machine capacity and the number of hours a day or week that a 
machine can be expected to operate. If production depends upon the 
rate at which a worker can do the work and not upon the speed of 
machine operations, the standard time for various tasks as established 
by motion and time study should be available. 

The time required for the transportation of the materials from one 
machine to another is also a factor. For this reason, the person doing 
the scheduling should be familiar with the plant layout, the distances be- 
tween machines, and the methods of materials handling. When work is 
completed at one machine, it may be scheduled for another machine that 
is conveniently located even though a more efficient machine would be 
available in another part of the plant. The dates when purchased mate- 
rials or parts will be available should be known, and a margin of safety 
is usually advisable. Since all planning is intended to assure that de- 
liveries to stock or to customers will be made at a certain time, the dates 
when deliveries are wanted should be known, 
jjj. In estimating machine capacity, the planning department first deter- 
mines the number of hours per week the machines of each type may be 
^expected to be in operation. The estimate is based upon the number of 
machines, the number of days per week the plant will be in operation, 
the number of shifts, and the estimated percentage of efficiency. To 
illustrate, the computation for engine lathes might be made in the fol- 
lowing manner: 

Number of lathes in the department ^ 

Number of labor shifts g 

Hours per shift • ■ * - 

Number of days of plant operation per week 

Total number of hours (multiply ) 

Estimated percentage of efficiency 

Weekly capacity, hours in use * 
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When the work previously planned for lathes is converted into the 
number of hours required to complete the work assigned, the manage- 
ment can determine the length of time which will be required to com- 
plete new work and the extent to which the production program is in 
balance. For example, the results might be as follows: 



No. 36 Lathes 

No. 16 Lathes 

Number of machines 

3 

4 

Weekly capacity, hours in use 

180 

240 

Average weekly load for next 18 weeks, % 
work now scheduled 

160 

230 

Surplus weekly capacity 

20 

10 


A tabulation of this kind, when continued for the various machines 
and other workplaces, will indicate when the volume of work scheduled 
for a machine is nearing machine capacity. It will indicate to the man- 
agement the need for additional 
equipment of certain types or 
possibly the desirability of re- 
vising production plans. 

The hours scheduled for each 
machine or workplace may be 
tabulated by means of a month- 
ly or weekly machine-require- 
ment record, as illustrated in 
Figure 67. The first step is the 
preparation of an operation 
card describing each operation 
as indicated on the operation ticket as shown in Figure 64. The oper- 
ation cards are then sorted by machines, and the work is scheduled for 
definite time of starting and completion. The information is recorder 
on the monthly machine-requirement record by order number and 
month. After the information has been tabulated in this manner, tJiH 
cards are re-sorted by order numbers and filed'for future use in dis- 
patching. X 

As the scheduled machine-hours are entered on the machine-require- 
ment record, the hours are accumulated in the separate columns. When 
the accumulated figure for each month or week reaches a predeter- 
mined percentage of the total available time for the month, a plastic 
signal Is placed on the card in the monthly column to indicate that tbe 
machine is dose to being overloaded and that no further orders should 
be scheduled for that period of time* 

m NLMdg*M4*t Controller, p. 41. 


MACHINE JUS, m TYPE SIZE NO. 2 

SCHEDULED MACHINE REQUIREMENTS 

DATE 

ORDER 

NO. 

JANL 

JARY 

FE8RI 

JARY 

MA 

RCH 

-APF 

IL 

HRS. 

CUM. 

HRS. 

CUM. 

HRS. 

CUM. 

HRS. 

CUM. 

12/6 

12/15 

12/2$ 

1/3 

1/6 

>/• 

166 

190 

m 

210 

275 

220 

60 

35 

45 

60 

95 

140 

40 

52 

40 

92 

32 

32 



MONTHLY 

CAPACITY ISO 

(HOURS! 

140 

ISO 

u 


FIG. 67. Monthly Machine-Requirement Record 
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It may be desirable that the work 
scheduled for each workplace be 
planned by days. This is done by 
means of a Gantt chart called a "ma- 
chine-load chart.” The machines are 
listed in the spaces on the left mar- 
gin. The horizontal spaces indicate 
the days. Work scheduled for a ma- 
chine is indicated by lines drawn on 
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FIG. 68. Machine-Load Chart 


the chart for the number of days’ work planned. The dates for which 
no work has been scheduled are indicated by breaks in the lines. These 


spaces will be filled in later as other work is scheduled. The method is 
illustrated in Figure 68. 

Bulletin Boards for Machine Loads. While a chart is a desirable 


method of showing work planned, it lacks flexibility. Changes in sched- 
ules made necessary by difficulties arising in production or in the pro- 
curement of materials are not easily made on the chart. To provide 


flexibility, several types of equipment have been devised. The earlier 
type of such equipment was a bulletin board with three spaces for post- 
ing operation tickets for work scheduled for each machine. Each space 
is equipped with a hook for holding the operation tickets. On the first 
hook is placed the ticket for the work now at the machine and in proc- 
ess. On the second hook is placed the operation ticket for work now in 
the department and waiting to be done. The tickets for other work 
scheduled are placed on the third hook. 

The machine load for each machine may also be shown by means of 
a pegboard, as illustrated in Figure 69. The machines are listed in the 
spaces on the left column. Opposite the designation of each machine 
Wmte two rows of holes which are used for the insertion of pegs to indi- 
the work scheduled. The board is operated on the principle of the 
jPpmH. chart, which means that the horizontal spaces represent the days 
'TjF the month. When work is scheduled for a machine, a peg is inserted 
m, indicate the starting date; and another peg is inserted to indicate the 
completion date. The board indicates the dates for which 
no work has been scheduled, as well as the dates of scheduled work. 
O peration tickets are "filed in pockets on the left side of the board. 

The total load scheduled for each machine is indicated by a transpar- 
ent tape of plastic which is drawn from an opening in the board 

adjacent to the machine number and is extended across the board over 
&.*xumber of horizontal columns that represent the days estimated as 
toured for the work scheduled. When , additional work is scheduled 
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Courtesy Wassel Organization, Inc • 

FIG. 69. Machine-Load Bulletin Board 


for the machine, the pegs for the previous order are left unmoved; and 
additional pegs are inserted to show the new work planned; the tape is 
then pulled farther to the right to indicate the additional period of 
scheduled time. In this manner the board is kept up to date and shows 
at all times the load of work planned for each machine. 

Another variation of the bulletin board for scheduling work consists 
of a row of pockets opposite each machine number, in which are in- 
serted the copies of operation tickets for work scheduled. The pockets 
are made of sturdy transparent material in which the edges of the 
tickets are inserted. The edge of each ticket, which is printed in a bright 
color, is trimmed or cut away according to the number of days or hours 
which will be required for the work. When it is inserted in the trans- 
parent pocket, it indicates the days or hours of scheduled work. Vacant^ 
spaces in the pockets represent the time for which no work has beeflfe 
scheduled. The schedule can be revised by shifting the operation ticket# 
in the pocket for each-machine. - 

The method of scheduling machine loads by means of a bulletin 
board with a* pocket for each machine is illustrated in Figure 70. The 
pockets overlap in such manner that only the edge can be seen. This 
viable arrangement reduces the space required for the equipment «nd 
facilitates reference to the information. It also protects the operation 
ticket from exposure. 

Scheduling the Older. When an order is to be scheduled, the parts 
list and the operation tickets are taken from the files. The part* list 
shows what parts are required for assembly, and die operation tickets 
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Courtesy Remington Rand, Inc, 
FIG. 70. Visible Filing System for Machine Loads 


show the operations necessary to the manufacture of each part. The per- 
son who is scheduling the work next finds out from the balance of stores 
clerk which parts are available in the storeroom and which parts must 
be manufactured. In scheduling the manufacture of any part, the clerk 
refers to the machine-load chart to determine when the machine will be 
available. If it will be available for more than one period, or if any one 
of several machin es might be used, the most suitable time and the 
machine best suited to the work would be chosen. 

The schedule might be made for the purpose of completing the order 
at a time that would be satisfactory to the customer, and the clerk would 
work back from the desired completion date to determine starting and 
^completion dates in each department. If the customer desires delivery 
^t the earliest possible time, the clerk might begin by scheduling the first 
operation and work through to the last department. 

If any machines to be used in the manufacture of the parts are heavily 
loaded, the clerk might delay the processing in the earlier operations 
in Order that materials or parts may not accumulate at any point with 
resulting congestion and excessive inventory of work in process. To 
determine the most economical schedules, the clerk may schedule the 
operations for the most heavily loaded machine first. He may then pro- 
ject die schedule through the subsequent operations to determine the 
finish date for that part. He finally estimates the time required for as- 
sembly operations and determines the date for the completion of fire 
Order. 
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The production schedule may make provision for possible delays and 
interruptions in the work. One method provides for banks of materials 
and work in process at various work stations or machines. For example, 
if the work for 100 units moves in batches of 10, the work for the first 
batch at the second machine might not be scheduled to start until the 
second batch is about due. A slight delay in the processing at the first 
machine would not require that work be stopped at other machines. 

Another method of providing for delays would schedule a machine 
for something less than 100 per cent of capacity. The loose schedule 
would permit the department to deliver the work on time to a later 
department or machine even though a machine may break down, an 
operator may be absent, or an inexperienced operator is assigned to the 
work. A loose schedule would also allow some time for rush orders. 
However, such a schedule would encourage wasteful practices which 
production planning is intended to avoid. 

The scheduled date of completion of each order is entered on a sum- 
mary sheet of the work which is in process or which has been scheduled. 
This summary, which is called a master schedule, shows the order num- 
ber, the description of the product, and the probable date of comple- 
tion. The master schedule establishes the objective of the production 
planning department and the operating departments. 

The dates for starting and completing the production of each part 
may be shown graphically by the use of a lead-time chart, as shown in 
Figure 71. The date set for the final assembly of the product is desig- 

LEAD-TIME CHART 

(SHOWING OPERATIONS TO FOLLOW DUE OATES* 


1-2 

2-1 

3-1 

t-2 

FIG. 71. Uad-TIm« Chart Used in Scheduling 

noted as A-day. Each part is scheduled for completion two days before 
it will be needed for assembly. The two-day interval will provide for 
delays and for transportation of materials for short distances. The date 
for which the completion of any part is scheduled is indicated in the 
chart as O-day. The dates for completing the various operations neces- 
sary to flie manufacture of each part are indicated By the figures 3. 
For example, the figure 1 indicates that, after that date, one opera^ton 
to be performed; and die figure 2 indicates that two operatic^ 
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are to be performed. The figure 0 indicates that all operations have 
been completed. 4 

The scheduling of production may be illustrated by means of bulletin 
boards of various types. The spaces across the board represent work 
orders rather than machines. When the pegboard is used, pegs are in- 
serted to indicate starting and completion dates in the various depart- 
ments. The scheduling of production orders is also shown by means of 
a bulletin board with a pocket for tickets showing the operations neces- 
sary to the manufacture of each part or each product. The method of 
operation is the same as that of the bulletin board showing machine 
loads. 

In addition to scheduling machine loads and flow of production 
orders, the planning department may schedule the delivery of materials 
into stock and also the production or purchase of tools and other equip- 
ment. If materials are to be purchased, the schedule might be made in 
a manner similar to the following: 


Date when production is to be started April 15 

Date when materials should be received, allowing 5 days for 

paper work and a margin of safety April 10 

Date when material should be shipped by the vendor, allowing 

5 days for transportation April 5 

Date when contract should be placed with vendor, allowing 

45 days for shipment ..February 19 

Date when requisition should be placed with the purchasing 
department, allowing 5 days for paper work February 14 

Centralized or Decentralized Scheduling. When scheduling is cen- 
tralized, the planning department schedules the work of each machine, 
as well as the flow of work from one department to another. When 
scheduling is decentralized, the planning department schedules the final 
impletion date and the dates for completion in each department. The 
jreman t hen assigns the work to individual workplaces and plans to 
^'* # Eucet the completion dates determined by the general program. The cen- 
itral production control department maintains data for work loads by de- 
par tment s Each foreman may maintain charts or bulletin boards for 
machine lo ads and the flow of production orders within his department. 

Adaptations of Scheduling Methods. The methods for scheduling 
wodk as developed in manufacturing enterprises may be adapted to 
many other types of activities. Any person may utilize his time more 
effectively if he schedules his work and allots his time between the vari- 
aus tasks In an office the work of each typist or clerk may be scheduled 

T^Oonild Peddie, "Lead-Time Chart Insures Close Scheduling,” Factory Management and 
JMnUmmee, VoL CV, No, 9 ( 1947), pp. 122-23. 
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in order that the supervisor may know the nature of the work being done 
by each person and the volume of work which is waiting at each desk. 
The scheduling may be done by using a sheet of analysis paper, with 
the names of the office staff listed in the left column. Spaces across the 
page represent the hours of the day or days of the month. Symbols may 
be used to indicate rush work, correspondence, duplicating, or other 
classes of work. By means of such a plan the supervisor may know at 
ail times what persons may be shifted to other types of work in emer- 
gencies and what additional help may be needed. 

QUESTIONS 

1. What activities are so closely related to production planning that they are 
sometimes placed under the control of the planning department? 

2. Name the parts that would be required for a pencil. Name the parts for a 
brief case. 

3. To what extent is the preliminary work of routing performed in connection 
with product design ? 

4. Why is the fixing of the sequence of parts completion an important step 

in routing? 1 

5. What information is listed on the operation ticket? What use is made of 
the ticket? 

6. How is the work of routing affected by the use of general-purpose or 
special-purpose machines? 

7. What costs of manufacturing are increased by the production of a large 
number of small production orders ? Are any costs decreased ? 

8. A manufacturer who makes radiators to order of the customer for any make 

of automobile of any year’s design sometimes makes three or four when the 
customer has ordered only one. What are the advantages and the disadvantages 
of this method? ,L 

9. How does the division of the work into batches decrease the cost? When-.* 
might the orders of several customers be combined to make one large order ? '* 

10. Should starting and completion dates be scheduled for each department, 
or is the scheduling of the beginning of work in the first department and the 
completion date sufficient? 

11. With what machine does the schedule clerk start when he schedules an 
order? 

12. What does the schedule clerk do when he finds that a machine is sched- 
uled for capacity for weeks ahead ? 

13. If no more materials are available because the plants of vendors are closed 
by strikes, should the company continue to process the orders already under way, 
or should it cto$e the plant at once? How are problems of scheduling affected by , 
thiSdedsxon? 
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CASES 

72. DIVISION OF WORK INTO BATCHES 

In a bookbindery, unbound books as they are received from the printing 
presses are stitched and bound. Six operations are performed — trimming, glue- 
ing, stitching, forming, affixing backs, and lettering outside cover. The time 
required for processing 2,500 books of a certain size and type is estimated for 
various operations as follows: 


Operation 
Number 
1 ... 
2 ... 

3 ... 

4 ... 

5 ... 

6 ... 


Time 
in Hours 
. . 10 
. . 20 
..150 
. . 40 
. .120 
. . 80 


The work can be scheduled in one batch or in several batches. It would also be 
possible to assign two or more workers to any one operation if necessary to make 
deliveries at an early date. 


Required: 

1. Show by means of a Gantt chart the time that would be required if the 
order is scheduled in one batch. 

2. Prepare a chart to show the time required in production if the work is 
scheduled in five batches. 

3. Prepare a chart to show the schedule in five batches for operations 1, 2, 4, 
and 6. In operations 3 and 5 the work is divided into 10 batches, and it is 
scheduled for two workplaces. 


73. PRODUCTION CONTROL FOR CAPS 

) . 

v Uniform caps are made for chauffeurs, bus drivers, gate watchmen, and various 
other groups. They are made to order by the Shaeffer Uniform Cap Company in 
a wide variety of styles and specifications. The company has designed a system to 
enable the production control department to follow the progress of each lot with 
a minimu m of direction from the central office. When a production order is 
planned, a set of work orders is prepared in as many copies as there are operations 
to be performed, plus an extra copy for the dispatcher himself. All copies of the 
work order, fastened by staples, are sent to the department in which the first oper- 
ation is to be performed. When the worker has finished the first operation, he 
tears off the top copy of the work order and hands it to the assistant foreman. If 
the work is inspected before being moved, the inspector makes the proper nota- 
tion, removes the copy of the work order, and gives it to the assistant foreman. 
These copies are picked up twice a day and sent to the dispatcher, who is thus 
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enabled to follow die progress of the work and to take any corrective action that 
may be necessary. 

Work orders do not follow a definite time schedule from one department to 
another. The dispatcher maintains a master schedule which indicates planned 
completion dates on the various orders. No corrective action is necessary so long 
as it appears that the order can be completed on the date required by the customer. 

Required: 

Evaluate die method of production control used by the company. 



CHAPTER 


35 Dispatching 
and 

Follow-up 


The phases of production control described in the preceding 
chapter pertain only to the planning. In routing, the production control 
department plans the flow of the work from one department or one 
workplace to another; and in scheduling it determines when the work 
will be started and when it will be completed. The next step is the 
carrying out of the plans. To make the plan effective, the orders and 
instructions must be issued and the progress of the work should be fol- 
lowed. The execution of the plans begins with the procurement of the 
necessary materials and equipment and the employment or training of 
the workers in case additional workers will be needed. 


DISPATCHING 

1 As soon as a production order is scheduled, steps should be taken to 
••"See that the materials will be available when they will be needed. The 
; tall of materials is referred to the balance of stores clerk, who examines 
the inventory records to see if the necessary quantities are on hand or on 
order. If the material is available, a notation is made in the Reserved 
column; and the quantity is deducted from the balance available. The 
hill, of materials is initialed to indicate that the reservation has been 
, made and is then returned to the planning department. 

If the material s are not on hand, request may be made to the pur- 
chasing department for the procurement of the necessary quantihm. 
}$eweta, the request may not be issued immediately if the work iS 
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planned for some weeks or months ahead. In some cases the material 
for several production orders may be economically grouped in a single 
purchase order. The grouping is accomplished by means of a material- 
requirement record, as shown in Figure 72. The date for the release of 



the purchase requisition is 
determined by the estimated 


»/ 30 NO 435 
72/JO NO 450 

11/21 NO 240 _ _ 

TOTAL 300 ISO 

NOW INSTOCK (MOT ALLOCATED) 60 
BALANCE ORDERED 220 

MTf >2/27 

FIG. 72. Material-Requirement Record 

Issuance of Orders. The orders 


time required for paper 
work, shipment by the ven- 
dor, transportation, and re- 
ceipt in the storeroom. A 
similar procedure should be 
- followed for purchased 
parts and machine tools, 
are conveyed on the forms which 


were prepared as a part of the work of routing. One form may carry 
instructions to all persons who will be concerned with the work, provide 
for the authorization to do the work, and make provision for the sig- 


natures to indicate that the work has been accomplished. An illustration 


of a form used in planning and controlling production is the operation 
ticket shown in Figure 64 on page 613. Many companies have foiind 
that the use of one form for all dispatching operations greatly reduces 
paper work, eliminates confusion, and speeds up the flow of work. How- 
ever, some companies use different forms for workers, inspectors, the 
storekeeper, and others. In any case, provision should be made for au- 
thorizing the necessary activities and providing the appropriate reports. 

The issuance of materials or parts from the storeroom is authorized 
by a requisition for prescribed quantities. The materials requisitioned 
were previously entered on a bill of materials. For purposes of identifi- 
cation, a copy of the operation ticket may accompany the work in proc- v , ; . 
ess as it moves from one workplace to another, or a separate identifica-^p 
tion tag may be used. Instructions as to the nature of the work to be* 
done at each machine are transmitted by means of the operation ticket 
which authorizes the worker to perform the stated machine or assembly 
operations. One form of operation ticket is often made t© serve as a 
work order in each department. Several copies of the operation ticket 
are duplicated in such a manner that certain information is omitted 
from each copy and only the information required by a department is 
included in the copy sent to it. A separate form may be used for the 
inspection order and inspection report, but many companies use a copy 
of isbe operation ticket for this purpose. If the materials are heavy Or 
- special handling by the internal transportation department may 

V^necessary. In that case a special order is issued, and a report is made 
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to the planning department when the material has been moved. The 
tr ans portation is considered as a separate operation and is handled in 
the same manner as work at, the machine. When the product has been 
completed, a report is made to the planning department that the goods 
have been received in the storeroom or the shipping room. 

Following the Progress of the Work. Many plans have been devised 
for following the progress of the work and for showing present condi- 
tions in some graphical manner. Frequently, a bulletin board is used 
because it provides flexibility. The pegboard which is used for schedul- 
ing may be used for dispatching and for following the progress of the 
work. When work is started on an order, a transparent colored tape of 
flexible plastic is pulled out from the left side of the board; and the end 
of the tape is fastened under the starting date by means of a peg or 
tack. As the work progresses, the tape is pulled farther out to indicate 
the extent of the progress or the percentage of work done. For example, 
if the schedule for the first week calls for 400 units and the output is 
only 300, the tape is pulled three fourths of the way across the space for 
the first week. On another order, if the schedule calls for the production 
of 100 units and production is 110, the tape representing the progress of 
that order is pulled all the way across the space for the first week and 
one tenth of the way across the space for the next week. The first order 
is behind schedule, and the second is ahead of schedule. The current 
date is indicated by a string drawn across the board from top to bottom. 
If all orders are on schedule, the tape for each order will extend to the 
string representing the current date. If no order is ahead of schedule, 

no tape will extend beyond the string. . 

W'hen an order is behind schedule, a peg may be inserted to indicate 
the cause of the delay. Numbers on the heads of the pegs or the colors 
. of the pegs may indicate the cause of the delay, according to an estab- 
lished code. Causes of delay might be lack of materials, machine brea - 
? 4own, lack of manpower, accident, or failure of a worker to meet stand- 
ards. When steps have been taken to expedite an order, a peg with a 
distinctive color or numbered head may be inserted in the hne to show 
that this action has been taken. This procedure shows that further atten- 

tion to the order is not necessary. . « 11 

On another type of bulletin board, as has been explamed, the sched- 
uled time is indicated by the width of the edge of the op.rationhto 
which is inserted in the groove of one of a senes of overiappmg po*« . 
The tickets in one pocket extending the tag* of the botamtateiB 

work to be done and also the time scheduled for each operahotL The 

-progress of an order, as indicate by reports from fte sbop “ *ownb* 
: f colored signal which is moved across the board from left to right. 
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For example, when the shop reports an operation completed on 300 of 
1,000 parts of an order which was scheduled to require six days, the 
signal is moved to show three days’ work completed. If such a report 
has been received after four days have been spent on the work, the 
order is one day behind schedule. The current date is indicated by a 
string as in die case of the pegboard. If the colored signal is to the left 
of die string, the order is behind schedule. If the signal is to the right, 
the order is ahead of schedule. 

.Changes in Machine Loads. Some system of keeping machine loads 
up to date is necessary in order that the* dispatcher may know whether 
work at each machine is proceeding according to plan and whether the 
machine will be available for the next order at the scheduled dare. The 
usual method is to use a bulletin board which operates on the same 
principle as the board for recording progress on an order. On thV ma- 
chine-load board the machines are listed in the spaces to the left, and a 
line across the board indicates the work planned for the machine. Pro- 
duction at the machine is shown by a tape which is pulled from the left 
side. The distance covered by the tape indicates the amount of work 
done. 

When the board consists of a series of pockets, one pocket is used to 
show the work planned for each machine. A plastic signal is moved 
across the pocket to indicate the progress of the work, and a string 
drawn from the top is used to indicate the date. Work at the machine 
is indicated as behind schedule or ahead of schedule by the position of 
the signal in relation to the string. 

Communication between Departments. Since the work of routing, 
scheduling, and dispatching is essentially that of correlating die work 
of the various departments, the planning department must be in fre- 
quent communication with foremen and workers. For this purpose^ 
some companies use a pneumatic tube system. Other companies use I 
telephone because it affords an opportunity for discussion of problem^ 
but its limitation is that it does not provide a written record and may' 
result in misunderstanding. The teletype is also successfully used in 
dispatching. % means of this instrument, orders are automatically 
recorded on receiving machines in the departments to which messages 
are sent. 

FOLLOW-UP 

The production control department follows up orders given and niust 
at times revise the schedules because of delays and also because of sgcsil- 
defective work. Regular reports of progress are received and 


age and 
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tabulated by the follow-up section. Some companies ask the foreman t 
prepare a "behind-schedule report” or a “fall-down report” as soon s 
he realizes that he cannot meet the schedule on an order. This repor 
which shows the order number and the cause of the delay, is sent to tl 
follow-up section. The form of the report is shown in Figure 73. 

In some companies the behind-schedule report originates in the piai 
ning department. Delayed orders are spotted by examining the files eac 
day to determine which orders were scheduled to be moved to new loc 
tions on the preceding day. If a report of completion has not been r 
ceived, the order is listed as be 
hind schedule and is describe 
as critical. A report is then pr< 
pared which identifies the d< 
layed order and indicates th 
operation number and the d< 
partment or machine at whic 
the material was last reportee 
the operation number and th 
machine at which the order i 
overdue, and the number of days 
overdue. Copies of the behind-schedule report are distributed to the 
foremen to notify them of the status of such orders. Each foreman re- 
ports to his division chief or other line supervisor concerning work 
listed as overdue in his department. This report indicates the status oi 
e ach overdue order and the cause of the delay. A copy of the repor! 
is sent to the planning department. 

The follow-up section may prepare a weekly report summarizing th< 
work load of each type of machine and the changes in machine load: 
iifcsince the date of the last report. The report on machine loads is illus 


nri ntirv *s»iirrsin 

- rsr ^ r 

TO PRODUCTION FOUOW UP FROM MPT. 104 
PRODUCTION ORDER UA PART NO. . 10S.-31 

' “ 

oro/^or nirr *. 

CHECK REASON: 

KtMAKIl> 

NO MATIKIAL 

4 NO TOOLS 

WORKER ABSENT 

RECEIVED LATE IN DEPARTMEN 
MACHINE OVERLOADED 

MACHINE BREAKDOWN 
INCORRECT 1 ROUTING 

CHANCE IN SPECIFICATION 

NEW 4TB DRILL ORDER 


ei/* TO B.L1.J C.U.J..I. D.... 


SUMMARY OF MACHINE LOADS 6/» 


MACHINE 

NUMBER 

Of 

MACHINES 

HOURS 

AVAILABLE 

for work 

(2 SHIFTS) 

LOAD 

6/6 

NEW 

HOURS 

HOURS 

USEO 

LOAD 

6/15 

WEEKS 

AHEAD 

RADIAL DRILL 
MEDIUM PLANE* 
LARGE PLANE R 
SMALL LATHES 

6 

4 

5 

7 

432 

201 

360 

$04 

1.600 

600 

USD 

2.600 

420 

290 

300 

$60 

430 
2S6 
360 1 

$oo ; 

1,670 

604 

1.170 

7.740 

3.0 

2.3 

0.2 

5.4 


Flfi. 74. Summary of Machine Loads 

in Figure 74. The report is based on the assumption that the plant 
■'•^••‘be operated for two shifts of forty hours each and that machines 
:*jie expected to be in use 90 per cent of the time. 
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Some machines may become overloaded as a result of delays or inter- 
ruptions or as a result of the rerouting of orders in adjusting production 
schedules. The situation is noted on the machine-load chart by means of 
a colored plastic signal or a peg in the case of the pegboard. When 
the overloaded condition becomes known, appropriate corrective action 
may be taken by adjusting the schedules of certain orders, by authorizing 
extra shifts or overtime work, or by other appropriate action. If orders 
cannot be delivered on time, customers should be notified. In some 
cases, additional sales orders may be declined until the situation has 
been corrected. ' ' • t 

When parts or finished products are manufactured for stock and 
placed in die storeroom, the report to the planning department indicates 
the number of defective products and the number of good pieces. If 
the total quantity of standard products completed is greater than' the 
number originally scheduled or expected, the overage may be deducted 
from the number planned on the next order. If the total quantity of 
good production is less than the quantity needed for stock, the short- 
age may be added to the number planned on the next scheduled order. 
In some cases, additional shop orders may be released immediately , to 
cover shortages. When a reorder is necessary, the number of the saine 
parts or products originally scheduled for the next order may be in- 
cluded. A large number of units in the new order may be desirable to 
provide sufficient quantity for an economical run and to reduce the unit 
cost due to machine set-up and paper work. 

The follow-up section may prepare a report comparing the work done 
in each department with the amount of work scheduled. The section 
determines the number of hours originally allotted to the work from the 
work schedule and the number of hours taken from subsequent reports. 
The difference between these two is the number of hours of variance 
from the standard. If the work is still in process, the follow-up section-' 
may determine the standard number of pieces per hour and the number 
of pieces completed. This report would show the fallowing information: 

Part number and name. 

Operation number. 

Department or machine number. 

Shift. 

Number of pieces completed per hour. 

Standard or scheduled number of pieces per hour. 

Usually, this report is not prepared for every order but only for those 
for which performance appears to be unsatisfactory. The report may he 
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of value to the scheduling section in planning future work because it 
indicates the reliability of standards previously established. It also indi- 
cates the orders in progress on which costs will be in excess of standard. 
Consequently, this report permits the management to take action to cor- 
rect an undesirable trend in costs before the order is completed and 
before the final cost figures are available. 


QUESTIONS 

1. A novelty manufacturing company does not plan completion dates in each 
department but only the date of shipment to the customer. To each order is at- 
tached a sheet of coupons, and when a worker completes an operation, he tears 
off a coupon and places it in a box. Coupons are collected hourly and taken to 
the planning department where a notation is made on a master control sheet. Is 
this method of follow-up satisfactory? 

2. A manufacturer of radiators for automobiles employs expediters who move 
through the plant to locate orders that the customer needs at an early date. The 
expediter tells foremen to give precedence to any order that is classed as rush. 

Is the planning department performing its proper function in staff work? 

3. The work of production planning has sometimes been divided into plan- 
ning, doing, and seeing. What is included in the work of seeing? 

4. What reports does the planning department need for purposes of follow-up 
and corrective action? 

5. Where does the behind-schedule report originate? What use is made of 
the report? 

6. Can foremen and workers be expected to report promptly any delays or 
interruptions to production ? If an order gets behind one day, might it be brought 
up to schedule the following day? Does this problem suggest a reason why the 
foreman might like a little slack in the work standards that are established by 

time study? 

> ■ 7. How does the sales division co-operate in handling problems of delayed 

'/-Schedules, machine loads, and rush orders from customers ? 

8. What corrective action may be taken when the number of items rejected 
by the inspector is larger than had been expected? How may the problem be 
handled if the number of rejects is less than expected? 

9. Should the original schedule provide for some slack or the accumulation of 
some hanks of parts at the machines to prevent delays m production . 

10. In busy seasons, steel companies sometimes produce at a rate that exceeds 
rated capacity. How is such high production possible? 

11. How will careful production planning and control reduce the cost of the 
product? How will it increase sales of the product? 

. t2. Should die established schedule be changed to satisfy a customer? When 
might this change be made ? 
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CASE 7 H 

SCHEDUUNG WORK IN A GARAGE 

The service manager of a garage is responsible for interviewing motorists who 
bring their cars to be repaired and for making arrangements with them concern- 
ing the work to be done. He has designed a form with spaces for entering the 
name of the owner, the make of the automobile, the year model, the license num- 
ber, and the time the owner will call for his car. The form also lists the various 
types of repair work to be done, and usually the service manager indicates the 
required work by placing a check mark in the appropriate space. Unusual types 
of needed repairs are noted in extra blank spa£e$ at the bottom of the fork 

The service manager finds that the customer asks two questions: "How much 
will it cost?" and "When can I get the car?" To permit an answer to thle first 
question, the service manager has prepared an estimate of the probable tiiqe re- 
quired for each kind of repair, with an upper and lower time limit for certain 
types of work for which the required time is uncertain. The garage charges’ the 
customer for the mechanic’s time at the rate of $3.75 per hour. Parts are charged 
extra when they are used. 

The manager has learned that a trade association of automobile dealers has 
prepared a booklet in which the various types of repair work are listed, along with 
a suggested charge for each repair. He finds that his own charges are usually less 
than those suggested in the booklet. He is contemplating a revision of his prices 
to conform with the suggested price list. 

As for informing the customer when the car will be ready, the manager has 
devised a chart along the lines of the Gantt chart, with horizontal spaces marked 
to indicate the hours of the day. One line is to be used to record the work sched- 
uled for each mechanic. When any work is assigned to a mechanic, the scheduled 
starting and completion times will be indicated by short vertical lines in the ap- 
propriate spaces. The number of the repair order will be written in just above th< 
line. When a customer brings in his car for repair work, the manager will refei 
to his chart to determine when a mechanic will be available. In this way, he wil] 
be able to answer both questions of the customer. 

Questions: 

1. What are the advantages of the system devised by the service manager? '1 

2. What difficulties might he encounter in operating4he system? 

3. Cotild the manager safely use the schedule of charges prepared by the trade 
association, or would he run the risk of violating the antitrust laws? 
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36 Planning and 
Control in 
Continuous 
Manufacturing 

The system of production planning and control as described 
in preceding chapters is used in industries that manufacture and sell a 
variety of products. A company that manufactures a relatively small 
number of standardized products or a single product in continuous 
manufacturing cannot use such a system to advantage because too much 
clerical work is required. Although the four steps of routing, schedul- 
ing, dispatching, and follow-up are necessary, the methods of planning 
and control are adapted to the production requirements. 

Characteristics of Continuous Production. A distinguishing charac- 
'^.teristic of continuous production is that all products are made by similar 
'Operations at the same series of workplaces. The parts are transferred 
,.'^rom one department or workplace to another in a continuous flow or in 
small batches. Work is continued in succeeding departments as the ma- 
terial is received, even though preceding operations have not been com- 
pleted on the entire quantity. Parts or materials are transferred for 
, succeeding operations or for assembly without being placed in the store- 
room for later withdrawal by requisition. 

It should not be inferred that all industries manufacturing by con- 
tinuous and concurrent operations are exactly alike. As explained in 
connection with the discussion of plant layout, such industries may be 
either analytic or synthetic. In analytic industries, such as meat packing 
or oil refining, the work is planned to provide for the fanning Out of 
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work in process from the point at which the materials are put into pro- 
duction. In synthetic industries the work is planned to provide for the 
orderly combining of parts produced on converging production lines 
which terminate when the finished product emerges in the last depart- 
ment. 

Manufacturing enterprises in continuous-production industries may 
be organized on more than one basis. Some companies set up separate 
production lines for each principal product and plan separately for each 
line. An example is a bakery which may have separate production lines 
for bread, cakes, and other products. Schfie companies make more than 
one product on one line by changing machine tools or by adjusting the 
machine. For example, a linoleum manufacturer may make the product 
in various colors and designs by using different stencils and different 
colors in the materials. A can company may make different sizes of cans 
on the same line with adjustment to machines that slit the sheets, form 
the bodies, and perform other necessary operations including the testing 
of the can for leaks. Other products that may be made in more than one 
variety on a single line are glass jars, bottles, bread, and soap. After the 
machines on the line have been properly set, the materials are processed 
in a continuous flow until another change in machine set-up is made and 
production is started on a new design, size, or other variety of product. 

In assembly industries, which operate on the principle of continuous 
production, the products are not necessarily all alike but may be pro- 
duced in a number of varieties. For example, automobiles sold under a 
single trade name may differ in color, types of upholstery, body style, 
and combinations of accessories. The principal requirements for con- 
tinuous production in an assembly industry are that the parts are inter- 
changeable, the varieties or sizes of any part are made on the same 
equipment, and all varieties of the product are moved by the same mode 
of transportation in the assembly line. 

Routing. Routing in a continuous industry is closely related to prod- 
uct design and plant layout. Since the same processes are continuously 
repeated, the production centers are laid out to perform the operations 
effectively and to facilitate the transportation of the materials. The 
production line is not changed as long as the product remains the same 
and more efficient equipment is not devised. Examples are plants for 
canning fruits, manufacturing soap, refining sugar, and packing meat. 

In the continuous manufacture of a product that consists of a number 
of parts and subassemblies, such as computing machines or electric fans, 
the plan for routing the product is also built into the layout. The rout- 
ing of the product requires attention to the production of the various 
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parts as well as their assembly. After the layout has been arranged 
to provide for the flow of work, the materials may be started in pro- 
duction in the first department and then moved through to final assem- 
bly without interruption. 

Preparation for Production. When a new model is to be introduced, 
the various activities in preparation for production should be scheduled 
for completion by the date when assembly is to begin. In the automo- 
bile industry, the preparatory work includes the following activities: 

Engineering and testing. 

Manufacture or purchase of tools and dies. 

Purchase and installation of machinery and equipment. 

Purchase of finished parts and assemblies. 

Purchase of crude materials. 

Purchase of fabrics. 

Purchase of special materials. 

Since the time required for completion of the various phases of pre- 
paratory work is not the same, some activities should be started at an 
earlier date than others. In scheduling the deliveries of materials and 
purchased parts, allowance should be made for the fact that the vol- 
ume of production may be small when car assembly begins. The 
volume may be expected to increase gradually as various difficulties in 
production are overcome and the departments gain momentum. A pos- 
sible schedule of the basic preliminary work is shown in Figure 75. 


ACTIVITY 

Engineering 

TIME REQUIRED 

■ 9mo.“ 

PRODUCTION 

/I 

and Testing \) 

Tools and Dies 


■ 8 mo.“ 

G (1 

Machinery and 


- 8 mo." 

/i /] 

Equipment U U 

Finished Parts 


• 6 mo“ 

G G 
G G G 

Crude Materials 


- 5 mo - 

Fabrics 

Special Materials 

MQN1T>IL. 


-4 mo.*" 

-3 mo- 

GGG 
1 _ 0 _ 1 _ 


FIG. 75. Scheduling Preparation for Production 


Scheduling Production with Demand. The first question which 
should be decided in scheduling production is whether the rate of out- 
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put is to be stabilized from month to month or whether it is to be varied 
according to fluctuations in the volume of sales. If production can be 
maintained at about the same rate throughout the year, die company 
will benefit in many ways. Labor turnover will be decreased because 
die labor force can be kept busy. Lower labor turnover decreases the 
cost of employing and training workers and reduces cost in other ways. 
Moreover, industry is becoming increasingly conscious of its obligations 
to labor for stabilized employment as well as to stockholders for profits 
and dividends. , 

A further advantage of scheduling production with demand is that 
machinery and equipment would be more effectively udlized. Provision 
need not be made for peak demand but only for the average monthly 
output. The need for a smaller amount of equipment would pe re- 
flected in decreased building space, heating and lighting costs, and'other 
costs of production. 

If the sales volume varies with the season of the year, or the phase 
of the business cycle, management may not be able to stabilize produc- 
tion by producing during the slack season and storing in anticipation of 
demand. If the product is bulky, an excessive amount of storage space 
might be required. Examples of such products are boxes, tin cans, 
glass containers, cheap furniture, and automobiles. A heavy product 
may not be easily stored or removed from storage when delivery is re- 
quested, although lift tracks and pallets and other types of materials- 
handling equipment have simplified the problems of storage. Style 
changes in the clothing industry increase the hazards incident to pro- 
duction in anticipation of demand. In some cases the product may be 
m ade according to detailed specifications of the customer. If the raw 
material is perishable, it must be processed at just the right time. Ex- 
amples are fruit and vegetable canning and oyster processing. In other 
cases, the finished product may be perishable and must be produced a|j 
needed by die customer. Bakery products are examples. * 

Many companies that do not produce uniform .quantities from month 
to month do not vary production with fluctuations in sales volume. The 
increase in sales in die busy months is met partly by increasing the rate 
of output and partly by drawing upon the storeroom for stock pro- 
duced during preceding months of lower sales volume. 

Scheduling Monthly Deliveries. In scheduling monthly and weekly 
production, die first step is to estimate the monthly shipments to cas- 
tomers and the monthly deliveries to stock. These two estimates jwe 
not necessarily the same. In estimating consumer demand, the percent- 
age of customers, who will order a certain style of body or a certain 
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kind of upholstery, in the case of automobiles, should be determined in 
order that purchase and production programs may be controlled. The 
desired production of 
the finished product 
might be as shown in 
Figure 76. This estimate 
is made in terms of 
product and not in mon- 
etary terms. The esti- 
mates embodied in the 
production program are 
based upon market con- 
ditions in the territorial 
area in which the sales are made and upon the prospects and plans of 
the business itself. The market conditions pertain to the plans of com- 
petitors and competitor industries, the statistics of business conditions, 
analyses of probable trends of prosperity or depression, and reports of 
salesmen concerning the conditions within their territories. Another 
factor is the condition of raw materials markets, price changes, new 
kinds of materials, and other such developments. 

The production schedule also depends upon many developments and 
contemplated changes within the company. Probably the most signifi- 
cant internal data pertain to the production and sales of various product 
lines during the preceding year, or the trend for such data may be estab- 
lished by a study of the figures for several years. The prospects for the 
ensuing year will be affected by advertising plans and changes in the 
advertising appropriation, the opening of new sales branches or other 
new sales outlets, changes in the design of the product, and the expan- 
sion of the product line. Various changes in the manufacturing division 
-may also be significant, such as increased capacity due to mechanization 
or automation, improved plant layout, the introduction of production 
standards as a result of time studies, or new methods of materials han- 
dling. In some cases, financial plans may affect the ability of the com- 
pany to finance a larger volume of production. 

Scheduling Production of Parts and Assemblies. The weekly or 
monthly schedules of production of parts and assemblies are prepared 
by computing backward from the monthly production schedules. A 
chart showing the flow of production from one department to another 
may be prepared as shown in Figure 77 . This chart shows that if tanks 
ate to be completed on the assembly line on December 10, the steel for 
the motor generator should be in the steel mill on August 13. Steel for 
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the crankshaft should be in the steel mill on October 2, and steel for 
the tank track should be in the steel mill on September 25. The flow of 
the materials for each of the various parts is timed throughout each 
of the succeeding departments. If production of 400 tanks is planned 
for December, the motor generators for that number of units should be 
processed by the steel mill in August. The steel for the crankshafts for 
December production need not be processed in the steel mill until Oc- 
tober. 

The Factory Float. The factory float is the amount of inventory in 
process of production at any one time. It includes materials being proc- 
essed, materials being transferred from one workplace to another, and 
materials in temporary storage awaiting fabrication or transfer. In 
accounting, the float is usually referred to as 'goods- in-process inven- 
tory.” 


The amount of the float may be stated in terms of a certain number of 
days or weeks of production. For example, if the steel that is put into 
production on August 13 does not emerge as finished product until De- 
cember 10, it is in process 119 days (including Sundays and holidays). 
By the time the steel is completed in production, other steel equivalent 
to production for 119 days has been put into process. If production 
amounts to 50 units per day and 100 pounds of steel are required for 
each assembly, the float would total 50 X 100 X 119, or 595,000 
pounds. 

One objective of production planning is to keep the float as low as 
possible. If the float is greater than necessary for continuous produc- 
tion, the result is idle capital, possible deterioration, obsolescence of 
parts in case of changes in design, and crowding of workplaces. The 
float is reduced by effective plant layout; regular servicing of machines; 
effective methods of employee selection, training, and motivation; and 
ier management methods. Detailed factors affecting the amount of 
■the float are as follows: 


Labor turnover. 

Absences and general employee efficiency. 
Sunday and holiday work. 

Balance in plant layout, preventing delays. 
Straight-line layout. 

. Short moves from one workplace to another. 

Type of materials -handling equipment. 

.. Condition of machinery and equipment. 

■ - ■Effective control of materials inventory. 

" Effective planning and control of production. 
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Keeping the Factory Float Low. The extent to which management 
is successful in keeping the factory float low is measured by die ratio 
of processing time to the total time required in production. For ex- 
ample, if the time spent in processing material in the operating depart- 
ments is 20 hours and the total time that elapses from the issuance of 
the material in the first department to the completion of the product is 
200 hours, the efficiency is 20/200, or 10 per cent. If the total elapsed 
time can be reduced to 180 hours, the efficiency is increased to 20/180, 
or 11.1 per cent. The measurement of efficiency is stated as a formula 
as follows: > «• 

Process time 

Manufacturing cycle efficiency = Total elapsed time ^ 

The saving that results from improving manufacturing cycle efficiency 
depends in part upon the point at which the reduction in elapsed time is 
achieved and also upon the nature of the process. The saving is usually 
greatest if the time can be reduced in the final assembly and shipping 
operations, or in some department near the end of the processing. The 
reason for the greater saving in later processing is that the investment 
in work-in-process inventory gradually increases as the work moves 
from one department to another. If all of the materials are issued in 
the first department as they might be in making glass jars, boxes, sugar, 
or flour, the value of the product is increased in later processing as a 
result only of the expenditure of labor and expenses. If additional 
materials or parts are. added in the later departments, the cost of the 
product is increased still further. The greater the investment in the 
product, the greater is the saving that results from improving the manu- 
facturing cycle efficiency. 

The saving from increased manufacturing efficiency under varying 
conditions may be illustrated graphically as shown in Figure 78. In the 
first chart, costs are shown on the assumption that all materials are 
issued in the first department and that the cost is increased in later de- 
partments only by labor and expenses. The total cost of the product at 
each stage is represented by the distance between the tpp line and the 
base. The last space to the right represents the time required to complete 
the shipment to the customer. The investment in the product is not 
increased during this time because shipping expenses represent a part 
of selling expense. If materials could be processed one week sooner in 
the first department, the interest saving would be computed on the 
amount represented by the distance from the top line to the base. If a 
flit niiar saving in tim^tould be made in the last department and in ship* 
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FIG. 78. Increase in Cost under Varying Conditions 


ping time, the interest saving would be computed on a much larger 
amount. 

The lower chart illustrates the accumulation of cost on the assumption 
that materials are issued in all departments. In this case, the difference 
in cost between the first and last departments is much greater. In these 
charts, no significance should be attached to the relative amounts of the 
elements of manufacturing cost. 
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Scheduling Daily Runs. As production nears the assembly stage, the 
scheduling of production must provide for any permissible variations in 
product design. In the automobile industry the distributor, in response 
to requests of customers, may be permitted to specify colors, body style, 
upholstery,' and certain accessories. In each case the customer is re- 
quired to choose from a limited number of varieties offered by the 
manufacturer. A car may be made in 8 color combinations, 2 kinds of 
upholstery, 3 body styles, and 3 combinations of accessories. These 
combinations make possible 144 varieties (8 X 2 X 3 X 3). Since 

the varieties cannot 
conveniently be carried 
in stock, the mo\t eco- 
nomical plan is to i^hed- 
ule production in order 
that automobiles will 
leave the production line 
with the proper specifi- 
cations. The scheduling 
is done by means qf a 
daily run sheet, as shown 
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in Figure 79. 

Copies of the daily run sheet are distributed to the head of each pro- 
duction line which feeds into the main assembly line. The sheet is used 
to determine the order in which fenders, wheels, bodies, and other parts 
are forwarded in the line. The time required for any part to be fabri- 
cated before reaching the main assembly line is known, and the prog- 
ress of any car along the line can be definitely determined from the 
schedule. 

The manner of scheduling after the daily run sheet has been prepared., ^ 
may be seen by reference to Figure 80. This chart does not show thfigK- 
, schedule of any one manufacturer but is a composite chart based upon 
the experience of a number of companies. The "chart shows that a car 
which is to be finished at 2:20 p.m. on Friday will start on the final 
assembly line at 1:00 p.m. on the same day. The rear assembly will be 
started on Monday at 8:00 A.M., while the gear assembly will be started 
at Monday noon. Other assemblies are timed to start in a similar man- . 
net. However, the production of each part need not be timed as pre- 
cisely as the chart seems to indicate because many parts ate interchange- 
able and will fit into the assembly of any automobile along the . 
Such parts site planned only in the necessary quantities. They may%t , 
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PUSHED CAR 


FIG. 80. Timing of Automobile Production 

Reproduced from Automobile Pads. Used by permission of Automobile Manufacturers 
Association. 


stored in bins at each station, or they may be moved to workplaces by 


than in the automobile industry. In most companies, however, schedul- 
ing consists of both long-range and short-run planning. In the baking 
industry, for example, long-range planning requires that machinery, 

• riMUMtua shipping facilities, and mventones of ma- 

anced with daily and weekly fluctuations in demand. The flow of work 
s&mld be planned each day in order that employees may report for 
.S as to piduct moves forward from one stage of production to 
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another. The problem differs from that in the automobile industry prin- 
cipally in the time required for the production cycle. Moreover, the 
production line is cleared at the end of each day’s production and is 
started from the head of the line on the following day. Methods of 
production differ in that the product is the result of synthetic processes 
rather than fabrication and assembly. 

Dispatching. Dispatching in continuous manufacturing does not re- 
quire attention to each order. Work flows from one workplace to an- 
other without move orders, operation tickets, or material requisitions. 
In the early stages of production, work i$ dispatched to meet me total 
requirements of the monthly or weekly production schedules. \ In the 
later stages of production and assembly, the parts are channeled into 
the production line; and they proceed from one workplace, to another 
with no detailed orders except the daily run sheet. \ 

As in intermittent manufacturing, the first step in dispatching is prep- 
aration. This step includes the authorization of work and the making of 
contracts for purchases, as previously described. The preparation work 
includes engineering, testing, and the purchase of materials, parts, and 
equipment. 

The initial schedules of production are prepared many months in ad- 
vance in order to permit long-run planning for production. The sched- 
ules are revised as final production dates near, and weekly production 
schedules are then released to plants and departments. As each car is 
dispatched from the head of the line, it is identified by a tag attached to 
the chassis. The tag indicates the name and address of the distributor or 
dealer, the color, body style, and other specifications. Except in cases 
of accident, machine breakdown, or other interruption, the car advances 
without further direction from the planning department through the 
stages of assembly, inspection, and shipment. 

Follow-Up. Dispatching is followed by periodical reports of accom- . 
plishment, comparison, and corrective action when necessary. The re- 
ports may show the results of all phases of the purchasing and pro- 
duction program. The report of the purchasing agent would show 
contracts authorized to be placed and contracts actually made. It would 
show for each month the materials which were scheduled for delivery 
into stock and the actual deliveries. Any delays in the deliveries of ma- 
terials are promptly reported to the planning department, and the pro- 
duction program is revised when necessary. 

The production of each plant or each department is reported weekly, 
and the volume of production is compared with the schedule. This re- 
port might be prepared in the form shown in Figure 81 . This type of 
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report shows the amount of the float or work-in-process inventory at the 
beginning of the week, the work placed in production, the work com- 
pleted, the scrap, and the balance in process at the end of the week. 
Standards are available to 
the managemnt for deter- 
mining the success of each 
manager regarding the 
amount of work started, 
the amount completed, the 
scrap, and the balance in 
process. 

Another report that may 
be prepared is a monthly report comparing actual production with 
scheduled production. This report is illustrated in Figure 82 . 
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FIG. 82. Monthly Production Report 


The reports and charts presented in the present chapter should be 
regarded only as illustrative. They are designed to indicate the general 
nature of such reports and the types of information needed by manage- 
ment for the control of production. 


QUESTIONS 

1 A sugar refining company refines the raw sugar through a series of opera- 
tion until the product nears completion. It then diversifies its operations to 
produce granulated sugar in boxes and bags, brown sugar, confectioner s sugar, 
and lump sugar in cube shape. Some cubes are specially wrapped to meet the 
requirements of customers, and some granulated sugar is packed in small bags. 
Should this industry be classified as continuous or diversified? 

2. In continuous manufacturing, are all products on a line of the same design. 
Answer with reference to automobile production. 

3 A glass manufacturer produces to the order of the customer by changing 
die molds on the forming machine. After the molds have beenset U P> ma- 
Sfaes tun continuously £til the bottles for the orstomer have been made. How 
should these manufacturing operations be classified. 
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4. How do the steps in production planning in continuous manufacturing 
differ from the same steps in diversified manufacturing? 

5. Is the nature of the work changed by the fact that the production line may 
be cleared at the end of the day and a new run started at the head of the line the 
next day, as in bread making? 

6 . What are the advantages of scheduling production at a uniform rate 
throughout the year regardless of sales demand? What additional costs might 
be incurred? Might the company lessen the degree of fluctuations by producing 
somewhat in excess of current demand during the slack season? 

7. Could the manufacturer lessen the extent of the fluctuation by producing 
a staple item, such as plain white shirts, during the slack season and concentrating 
on a seasonal item, such as fancy shirts, in the busy season? What problems 
might be encountered by this plan? 

8. What expenses are incurred when the factory float is too high? How may 

the size of the factory float be reduced? \ 

9. How does the factory float affect the plans for the changing of the design 
of the products? 

10. In continuous manufacturing, what control is exercised over production 
after the parts are started at the head of the line? 

11. How can an automobile manufacturer keep the lines moving if the bodies 
come through in the wrong order and a body of the wrong color is lowere4 into 
position over a chassis ? 

12. What daily and monthly reports are needed for control in continuous- 
process industries, such as automobiles or bakery products? 


CASES 

75. USE OF LABOR POOL 

The Holt Appliance Company regularly employs about 800 men and women. 

Its manufacturing operations consist of various machining operations, painting, ;, s 
assembling, and testing. Some of the departments have been troubled with etfces- 
sive absenteeism, and the foremen have had difficulty in making substitutions for 
employees who fail to report for work. After discussion of the problem at a?v„ 
conference between the plant superintendent, the foremen, and the personnel 
manager, it has been decided that a labor pool would be established under the 
supervision of a pool manager who would report to the plant superintendent. 

According to the plan, a pool of twenty-five persons of varied experience 
would be available on call from any foreman to replace absentees in any depart- 
ment and to meet other emergencies. In employing workers from die pool, the 
employment department would seek to find persons who could do any one of 
sev era l types of work. However, the pool manager would attempt to learn die 
qu alificatio ns of each person in the pool and to send the same persons contin- 
uously to any one department for a given type of work as far as that was possible. 

It Was agreed that foremen would be required to give initial instruction in some 
daidi, but It was toped that members of the pool would in time be able to develop 
facility in several kinds of work; 
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To keep the members of the pool occupied when they were not on call from an 
operating department, the production planning department was asked to assign 
certain types of special work which was not required to meet a close- schedule. 
Such work would include handling goods returned by customers, packing ship- 
ments for export, maintenance, and production of parts for stock in anticipation 
of future orders. 

Members of the pool would have first preference in transfers to operating de- 
partments for filling vacancies or newly created jobs. They would be paid a guar- 
anteed hourly rate when working under the pool manager and would be paid for 
substitute work at the going rate for that type of work. An advantage to persons 
working under the direction of the pool manager would be that they could learn 
a variety of types of work and could shift to new positions to break monotony. 

Questions: 

1. What would be the advantages of the proposed plan? 

2. Would workers like to be members of the pool ? 

3. What does the proposed plan indicate concerning the simplification of tasks 
in industry? 


76. FILLING ORDERS OF CUSTOMERS 

The first delivery of mail at a large mail-order house is received at •> o'clock in 
the morning. The mail is immediately weighed to determine the probable num- 
ber of customers’ orders. This estimate is possible because the company has 
learned that, on the average, each pound of first-class mail brings a certain num- 
ber of orders. By means of similar relationships the company can estimate the 
probable number of pounds of mail and orders to be received in each of the two 
later deliveries for the day. This information enables the company to assign the 
proper nwmher of clerical workers to handle the work at the various stations 

along the route of the order. , . . 

In the mail department, letters are opened; the cash is "™yedand re «* ded > 
i and orders are classified by method of payment, such as cash, C.O.D., and time^ 

J Orders are sent to the order-reading department, where orders are read and any 
Special requests, such as time of delivery, are noted. The method of shipment 
'which might be parcel post, freight, express, or truck, is determined. Orders are 
classified as "singles” if all merchandise is ordered from a singly depa^nenm 
as " multip les” if the merchandise comes from more than one department. Next, 
fin the index department the name-and-address stencil of a customer is removed 
from the file, and package labels are prepared. A customer record *® 

entered the date and value of the order, is kept. Th.s record ,s used for keeping 

and pdee of * j« 

, , 'j . * L. sheet is prepared for each item on a multiple order. Each 

ntdaTis' tfien scheduled to be delimed to the packing and shipping department 
? . . . .. j flv The time is stenciled on each order and also on each 

. |* C j'*? Tbepusroaeof the scheduling is to enable all Item, of nsesvhaiuliie 

I IE - d* packing atatibn a. ft. « te Iho 
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sheets are then sorted by merchandise departments, and they are forwarded to the 
appropriate department or section of the storeroom. The customers’ orders are 
sent to the packing department. 

In the merchandise departments, which together constitute the stockroom, the 
m erchandise as specified on the entry sheets is taken from the bins, inspected, and 
placed on a moving belt at a time which assures delivery to the packing depart- 
ment at the scheduled time. Moving belts on each floor carry the merchandise to 
a gravity chute which terminates in the packing room. By means of the customer’s 
order and the entry sheets accompanying the merchandise, the clerk in the packing 
loom assembles the merchandise for each order, wraps it, and prepares it for 
mailing. If any item is out of stock, the entry, sheet for that item is also sent to 
the packing room, where a refund check, or a notice that the missing jjtem will 
be sent later, is prepared for inclusion in the customer's shipment. 



1. Explain the purpose of each step in filling orders. ' 

2. Compare the method of filling orders with production planning in diversi- 
fied production. 
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37 Budgetary 
Planning 
and Control 

The budget is a co-ordinated financial plan for a business 
enterprise. It includes estimates of sales, production, purchases, labor 
costs, expenses, and financial operations. Its purpose is to plan, co- 
ordinate, and control the activities of various divisions and departments 
of the business. 

The budget may be partial or complete. A partial budget is a finan- 
cial plan for one or a few activities. For example, the partial budget 
might provide for advertising expense, product research, a production 
program, or plans for the expansion of plant facilities, without includ- 
ing expense budgets for each department. When budgets are first intro- 
, duced in a business, the expenses of a few departments may be budgeted 
- on a trial basis. As foremen and other persons come to know the ad- 
vantages of operating on a budget, the plan may be gradually extended 
to other departments. When the budget is confined to a limited number 
of departments, it is a partial budget. 

, A complete budget is a financial plan for all the activities, including 
sales and finance. It is an estimate of both income and expenses. It pro- 
vides for the expansion of plant facilities and the procuring of funds 
through bank loans or the sale of corporate securities, and it consists 
. of separate departmental budgets and a master budget. The master 
budget summarizes and consolidates the data included in die depart* 
^mental budgets. 
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NATURE OF THE BUDGET 

The budget estimates are stated in dollars and cents. In some cases, 
supplementary estimates are prepared in other terms. Estimates of sales 
and production are usually made in terms of units of product. Purchases 
may be estimated in units of material, as well as in monetary terms. The 
labor budget may indicate the number of workers required in addition 
to labor cost. 

Relation of the Budget to Management. The budget is a significant 
tool of management. When the budget estimates are formulated, a 
general view should be taken of all of the activities of the business for 
the purpose of maintaining balance. When funds are granted or\denied 
for any purpose, the decision is then made that a particular activity is or 
is not necessary. The increase or the decrease in the budget allowance 
of a department means that the activities of that department will be 
expanded or curtailed. Since the budget may include expense allowances 
for all departments, it reflects the views of management concerning the 
value of each activity and the success of each executive. 

The budget emphasizes the idea that expenditures for any purpose 
should be justified by increased income, decreased expenses in another 
category, increased tangible or intangible assets, or other business or 
social advantages. The business budget reflects management plans and 
also serves as an important check on management decisions. 

The budget permits the management to give careful consideration to 
future developments and to choose in orderly fashion the course of ac- 
tion to be followed. Also, it enables the management to take advantage 
of favorable developments and to prepare for unfavorable develop- 
ments. For example, if the prospect is for an increase in the volume of 
business, the company may plan to expand facilities, increase purchase 
commitments, employ and train more workers, or add new lines of 
products. If a recession appears imminent, the company might plan to 
reduce inventories, decrease purchases, postpone the expansion of fa- 
cilities, and change its employment program. However, the company 
might wish to offset unfavorable tendencies by increasing its advertising 
appropriation, introducing a new product, or initiating some other pro- 
gram for increasing sales. Since the budget makes possible the selection 
of the most desirable course of action, both unwarranted optimism and 
undue pessimism may be avoided* 

The budget establishes a standard of accomplishment for the various, 
departments, and each department is expected to reach established goals 
of production and salts with the funds allotted for die purpose. The 
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budget permits each executive to determine for himself whether his per- 
formance is satisfactory. If he can produce the quantities of product 
required by die budget with, the allotted funds, he knows he is meeting 
the standard for his department. In this manner the budget is a means 
of raising the level of performance throughout the organization. It pro- 
vides a basis for comparison and corrective action. 

Static or Flexible Budget. The static budget is a financial plan which 
is considered to be fixed and not subject to variation. It is prepared on 
a monthly, quarterly, or yearly basis. New estimates are made each year 
because the budget is based upon data that relate to a specific or definite 
period of time. 

The flexible budget provides several estimates of expenses for each 
manufacturing department and other departments for varying volumes 
of sales and production. The first estimate establishes a standard of 
expense on the assumption that the volume of production will be normal. 
Other estimates of expenses are made for a volume of production that is 
10, 20, or 30 per cent below normal. An estimate may also be made for 
a volume of production of 10 to 20 per cent above normal. Normal 
production is stated in number of units produced in order that its mean- 
ing may be definite. 'When the foreman knows the current volume of 
production in any month, he can easily determine which budget figures 
apply. Some expense allowances are changed as the volume of produc- 
tion increases or decreases, while other allowances do not change with 


variations in production. . , 

The flexible budget has a marked advantage over the static budget 
during periods of business uncertainty. It makes a revision of the ex- 
pense budgets unnecessary when sales and production programs are 
changed. It is a means of separating budgeting and forecasting. Flex- 
ible budgets need not be revised from year to year, unless the prices o 
supplies or wage rates for labor in a department are changed. 

Length of Budget Period. The budget is usually made for one year 
in advance, although it may be made for a shorter or longer period. In 
some cases, partial budgets of plant expansion and finance are made for 
five or ten years or even longer. The budget should cover at least a sea- 
sonal cycle including an off season and a busy season, in order that plans 
mav be made to supply the increased sales demand in the busy season. 
If goods are produced to the order of customers, the budget period may 
be datively short unless customers; orders on be anhcpated I wrth i a 
fUr degree of certainty. Some companies continuously pt^ectthetad- 
get twdve months in advance. At the end of e^h month rt,c current 
month is dropped from die estimates and the corresponding month 
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next year is added. In this manner the planning always permits each 
department to make advance commitments for advertising, purchases, 
and other contracts. 

Urn Budget Officer. Some executive directly responsible to the chief 
executive is usually placed in charge of the procedure for the develop- 
ment of the budget. This executive may be the controller or the treas- 
urer; but he may hold a position especially created for the budgetary 
work, such as budget supervisor, budget director, or assistant. The es- 
sential requirement is that the person who assists with the budget be co- 
ordinate in rank with the major executives and also have the support 
of the chief executive. The budget officer may be assisted by a commit- 
tee composed of executives who are thoroughly familiar with conditions 
throughout the operating departments. The committee is usually\com- 
posed of the heads of the major divisions. \ 

The entire organization should take an interest in the preparation and 
operation of the budget. This favorable condition cannot be created as 
soon as the program is initiated, but it is the result of long and success- 
ful experience. A gradual introduction of a budget program is fre- 
quently advised in order that general participation and interest may, be 
developed. 

PREPARATION OF THE BUDGET 

The budget is based upon a plan for the production and sale of 
goods and services. As a basis of the plan, the results of earlier pro- 
grams are reviewed and their favorable and unfavorable aspects are 
considered. Possible changes inside the business and outside the com- 
pany are also taken into consideration. The plan is developed with 
reference to the organization. Each division of the business is assigned 
a part of the program. The amount of money to be spent by each divi- 
sion is estimated. Each major executive knows by reference to the bud- 
get the performance expected of him and the cost of his share of the 
program. - • 

Development of the Estimates. Each major executive may partici- 
pate in the development of the budget for his division. Hie head of 
each division usually prepares the original budget estimate for his divi- 
sion, and he transmits the estimate to the chief budget officer. The 
budget officer may combine and summarize the estimates to show the 
total result. He then transmits than to the budget committee, together 
With information to assist the committee in evaluating the proposed pro- 
gram. When the estimates have been revised or approved by the com? 
mjtice, they become the budget for the ensuing period; and they are 
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transmitted by the budget officer to the various departments for their 
guidance. Any later revisions are recommended by the budget officer 
and the budget committee. ' 

The manner in which the proposed budget is to be assembled for sub- 
mission to the budget committee is prescribed by the chief budgetary 
officer. The expense estimates for each department should be classified 
by the nature of the expense, such as wages, supplies, communication, re- 
pairs and maintenance, and taxes. Each department should submit its 
estimates in terms of dollars and cents. In addition, some departments 
submit estimates in terms of physical units, such as units of product to 
be sold, units produced, and volume of purchases. The labor budget 
shows labor costs in dollars and also the number of persons to be em- 
ployed. 

The various estimates are closely related to each other and are inte- 
grated to form a consistent, balanced program. For example, the sales 
estimate is limited by the amount of the product that can be manufac- 
tured; and the amount to be manufactured depends upon the amount 
that can be sold at a profit. Both the sales and the production budgets 
may depend upon the funds available for financing and the amount of 
materials that can be purchased. Expenses vary with the rate of produc- 
tion, although they may not increase or decrease in proportion to 
changes in the volume of output. 

Relation of Budget to Control. Although the budget is prepared 
under the supervision of the controller or other budget officer, the con- 
trol exercised through the budget is vested in the operating executives. 
At times, the controller might seem to be controlling the work of the 
line and limiting its activities. However, as budget officer, he merely 
performs a staff or facilitating service, and such authority as he exer- 
cises is vested in him as a representative of the chief executive. As the 
chief accounting officer, he possesses a knowledge of the activities of the 
company, and he may be able to present figures and schedules of income, 
costs, and expenses within a short time after the need has arisen. In 
many instances where the controller seems to have power to deny de- 
partmental requests for appropriations, he merely acts as adviser to the 
president or other executive. Control in an organization should always 
be exercised downward in the scalar chain and not sidewise. Such con- 
trol ma y appear to be exerted laterally because the advice of the budget 
officer is so well supported by financial data that his recommendations 
ate usually accepted by the person who exercises direct or line authority . 1 

1 1 See Arnold B. Emch, "Control Meant Action," Harvard Busman Review, Vol. XXXII, 
No. 4 (1954), fip. 92-9$. 
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THE SALES BUDGET 

Financial planning usually begins with the estimate of sales because 
the other estimates depend upon the amount of goods that can be sold. 
The company would usually determine the amount that can be sold, 
with allowance for planned increases or decreases in the amount of 
goods in the inventory. The planned production determines the require- 
ments for personnel, the purchasing program, and the manufacturing 
expenses. Selling and general administrative expenses usually at# budg- 
eted on the basis of sales rather than production. I 

During periods of materials shortages, the budget would be formu- 
lated with reference to the amount of materials and parts that can be 
purchased because the shortages may limit production, which in \turn 
limits sales. In any case the budget committee should scrutinize the 
estimates as a whole to see that they reflect current conditions. 

Information Needed. The sales estimate can be accurately prepared 
only after a careful study has been made of conditions within and with- 
out the business. The study is begun with an analysis of sales data for 
two or more years preceding the budget period. The sales information 
should be available in the same form as the sales estimate. For example, 
if die volume of sales of two or more products is to be estimated, sales 
information for the products in prior periods should be available. The 
sales data should include information for two or more years for the 
purpose of determining trends and seasonal or cyclical fluctuations. Such 
trends may be particularly significant for new products or products 
whose consumer appeal is increasing or decreasing. 

Changes in business programs and expenditures will affect the sales 
budget. Such changes might include new lines of product to be added, 
old lines to be dropped, changes in design, and the amount of the 
advertising appropriation. Any change which affects the volume of 
goods produced will also affect the amount which can be sold. Produc- 
tion is affected by construction or expansion programs, the installation 
of an incentive wage system, the number of labor shifts,, and various 
other developments. 

Changes that are expected within the industry would also be consid- 
ered. One company may lose business to, or gain from, its competi- 
tors. One industry may also expand at the expense of another. Ex- 
amples may be found in the transportation, frozen food, and other 
industries. In estimating its sales volume, each business should consider 
tfce plans of competitor companies in the same industry and in com- 
petitive industries. 
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Other significant changes may occur in the market area. For example, 
the market is affected by such factors as shifts in demand by federal 
and state governments, the movement of population from cities to sub- 
urbs, changes in the age groups of the population, increased interna- 
tional tensions or the easing of tensions, and prosperity or depression in 
industries which provide employment for customers. If the product is 
sold to business enterprises rather than to individual consumers, the 
prosperity of companies in consumer industries should be considered. 

Preparation of the Sales Budget. Responsibility for submitting the 
sales budget to the budget director rests with the sales manager, al- 
though he does not necessarily make the first sales estimate. It is usually 
desirable for the persons who will be responsible for the execution of 
the budget to assist in making the estimates. 

The following procedures for making sales estimates are possible: 

1 . The sales manager, with the assistance of his research staff, may 
draw up the sales estimate on the basis of available statistical and eco- 
nomic data. The total sales estimate is assigned as sales quotas to terri- 
tories, branch sales offices, or individual salesmen. This procedure has 
the advantage of being based on reliable and perhaps complete statistical 
information. It is not entirely satisfactory because of the manner in 
which sales quotas are passed down the line to the various branches of 

the sales department and to salesmen. 

2. E ach salesman may be asked to estimate the sales that he believes 
he can make in his territory. The district sales manager may revise 
the estimates, which are then submitted to the general sales manager. 
The estimates for the various districts are combined to determine the 
total estimated sales. This procedure has the advantage of placing re- 
sponsibility for execution of the budget upon the district sales mana- 
gers and the individual salesmen. However, sales estimates made in 
this manner are likely to be unreliable because the salesmen are not in 
a position to appraise the prospects of the company and the effects of 
changes in general business conditions. Some salesmen may set quotas 
for themselves that are overly optimistic, while others will set quotas 
that they are certain they can meet with a margin to spare. 

3. The estimates may be made in the general sales office and sub- 
mitted to district sales managers for comment. They are revised in the 
light of suggestions from men in the field. 

Regardless of the manner in which the sales estimate is made, it is 
closely scrutinized by the chief budget officer and the budget commit- 
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tee, The final estimate should reflect the best opinion of what can and 
will be accomplished during the budget period. 

Importance of Solos Estimate. The figures for estimated sales 
should represent anticipated performance rather than an easy or a 
difficult quota for the sales division. The sales budget forms the basic 
plan upon which other plans will be made. For example, the inven- 
tories of raw materials, purchased parts, goods in process, and finished 
goods are planned with reference to an estimated volume of production 
and sales. The sales estimate is the starting point for making the finan- 
cial plan, the estimate of labor requirements, and the expense budgets. 
The sales executive should not attempt to establish an estimate that can 
be exceeded and a budget officer should not establish a high estimate 
merely as a challenge to the sales division. \ 

MANUFACTURING BUDGETS 

The manufacturing departments prepare a number of budgets re- 
flecting the performance of the production division in meeting the re- 
quirements of the sales program. Such budgets would include goods 
to be manufactured, raw materials and parts to be purchased, laibor 
to be employed, and expenses to be incurred. 

The Production Budget. Some phases of production planning have 
been considered in preceding chapters. The quantities of each product 
to be manufactured would be computed by adding the desired inventory 
at the end of the period to the amount to be sold, and subtracting the 
inventory at the beginning of the period. The quantities to be manu- 
factured for the entire year would be allocated to weeks and months by 
making estimates for each week or each four-week period. These figures 
would represent the quantity to be completed as finished product for 
delivery to the shipping room or storeroom. The flow of work in process 
from one manufacturing department to another would be estimated 
by tracing week by week the amount of product-necessary to make the 
finished product as required by the sales estimate. 

In some companies, the production budget may easily be revised 
from month to month as changing conditions may require, and in other 
companies such revisions are more difficult. For example, if the product 
Is made of standard materials and parts which are readily available and 
quickly processed, the production plans may be revised without much 
it is made of materials that are purchased according to 
and if toe specifications are changed each year or season, 
budget estimate may limit the quantity to be sold in a 
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season or it may require special sales effort to avoid losses on inventory 
at the end of a season. 

Purchases Budget. This budget establishes the plan for the purchase 
of materials and parts required by the production budget. The purchases 
estimates are therefore directly dependent upon the estimates contained 
in the production budget. On the basis of purchases estimates, the pur- 
chasing agent may make the purchase contracts. In some companies, 
however, the purchases are made on the basis of inventory records and 
the established reorder points. When purchases are made in this man- 
ner, the purchases budget is useful principally as a means of financial 
planning. 

Plant and Equipment Budget. This budget shows the additions to 
be made to the plant, the new equipment to be purchased during the 
budget period, and also the units to be scrapped or sold. When the ex- 
pansion or replacement of plant facilities is planned through the budget, 
the management is usually required to survey carefully all requests and 
to make the expenditures where they will be most beneficial to the 
company. Since the plant and equipment budget shows changes in the 
investments in fixed or capital assets, the funds authorized for expendi- 
ture in this budget do not represent current expenses. Large capital 
expenditures are usually planned over a number of years; and commit- 
ments are made after consideration of the long-range trend of business, 
costs, and money-market conditions. Decision must also be made, in 
many companies, to buy or to make certain types of equipment. 

Maintenance Budget. The maintenance of buildings and equipment 
is very important because neglect can mean increased expenses in the 
future. In slack times, maintenance may be neglected because of the 
pressure to economize. In busy times, maintenance may be neglected 
because materials and labor are high in price and perhaps difficult to 
purchase and because repairs might slow production. However, repairs 
should not be neglected in either good times or poor times. The main- 
tenance program has been considered in Chapter 12. The budget should 
provide funds for the various types of maintenance work as explained in 
that chapter, such as the following: 


1 . 

2 . 

3 . 

4 , 


riodic repair or service work, including lubrication, 
rventive inspection to assure that equipment is functioning properly and 
determine when repairs are needed. . . 

nait work the need for which is discovered by preventive inspection. 
£air work made after machinery or equipment has failed to f untf ion. 

jobs should be held to a minimum by preventive inspection, 
tey are usually limited to superficial repairs. 
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The Labor Budget. The budget of labor requirements is based upon 
the production budget, which shows the number of units of product to 
be manufactured each month. The amount of labor needed for pro- 
duction depends upon, first, the volume of production and, second, the 
policy of retaining or laying off men in the slack season. The labor 
budget is prepared separately for each department, and it shows the 
number of employees needed each month and the labor cost in dollars. 
The personnel department uses the labor budget to determine the num- 
ber of persons to employ. It makes a computation similar to that shown 
in Table 5: ' 


TABLE 5 

Departmental Labor Estimate 


Number on payroll at beginning of month 40 

Estimated separations: 

Quits 2 

Discharges 1 

Transfers and promotions 1 

Retirements 0 

On leave 1 

Other causes 0 

Total Separations 5 

Net 35 

Required for production program 42 

Difference to be met by transfer or hiring 7 


Manufacturing Expense Budget. Manufacturing expenses are budg- 
eted separately for each department. If flexible budgets are prepared, 
the estimates will show the amount of each expense at stated percent- 
ages of normal production, which might be 100, 90, 80, 70, and 60 per 
cent. The amount of each expense at varying levels of production de- 
pends in part upon the nature of the expense, which might be variable, 
semivariable, or fixed. Variable expenses increase or decrease directly 
in proportion with changes in output; semivariable expenses vary with 
changes in output but not in corresponding percentages. Fixed expenses 
do not change with variations in the volume of production so long as 
additional plant facilities are not necessary. This classification must be 
accepted with some degree of caution, however, for few expenses fall 
dearly within any one of the three classes. 

The difficulty of classifying expenses into three groups can be seen 
from an analysis of the expenses of manufacturing departments. One 
Important group of expenses includes the salaries of foremen, assistant 
fo r e m en, dferks, inspectors, and various staff personnel. Although sal- 
aries are relatively fixed, they may be reduced by layoffs and reductions 
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in pay if the financial situation requires it. Under some conditions salary 
expenses may be increased by the employment of additional people and 
by salary adjustments. Alth^iugh depreciation of buildings, mac hin ery, 
and equipment is largely a matter of time, the expense is also affected 
by the amount of wear and tear and the maintenance program. Expenses 
that are more definitely in the fixed category include property taxes, fire 
insurance, and boiler and explosion insurance. Expenses that vary to 
some extent with the volume of production are losses on defective work, 
bonuses for overtime, heat and light expense, and telephone and tele- 
graph expense. 

The effect of varying rates of production upon expenses depends in 
part upon the program of the management for dealing with the prospect 
of increasing or declining business. For example, a proposed increase in 
sales volume might be met by purchasing certain parts usually manu- 
factured, adding a labor shift, increasing production by overtime work, 
providing additional facilities for production, or increasing efficiency by 
the mechanization of certain tasks. Each of these policies will affect 
expenses in a different manner. 

The research budget was discussed in Chapter 15 (p. 283). It is one 
of the most difficult to control because the results are indefinite and long 
delayed. The budget should indicate the amounts to be spent on each 
major research project; and the amounts should be further classified as 
salaries, supplies, equipment, taxes, depreciation, building costs, and 
other expenses. An additional sum may be appropriated, to be spent in 
any way the research manager desires. 

THE EXPENSE BUDGETS 

Several budget estimates may be made for selling and general ad- 
ministrative expenses. The number of the estimates will depend upon 
the organization of the sales and other divisions as shown by the or- 
ganization chart. A separate estimate should be made for the expenses 
of ^h operating division, such as advertising, sales, and controllership. 

Planning for Advertising Expenses. The advertising budget and the 
sales budget are closely related because increased advertising expense 
should result in increased sales. The problem in the budgeting of adver- 
tising expense is to determine the most profitable relationship between 
advertising and sales. An increase in advertising expenses beyond a 
certain point becomes unprofitable. The total amount to be spent for 
advertising is subject to control by the budget committee. 

The advertising expense budget is prepared by the advertising man- 
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ager, who is usually under the supervision of the general sales manager. 
His recommendation as to the method of spending the advertising al- 
lowance and the media to be used is usually approved by the budget 
committee because the final responsibility for results rests upon him. 

Selling Expense Budget. One group of expenses pertains to the man- 
agement of the main sales office and branch sales offices, including sala- 
ries, supplies, rent of office space, depreciation of equipment, taxes, and 
insurance. Another group of expenses pertains to the salesmen, such as 
salaries and commissions, traveling expense, entertainment of customers, 
samples, and communication. Another 'group of expenses cove® trans- 
portation of the product, such as trucking and delivery expense, ireight- 
out when paid by the seller, and freight-in on returned sales. The ex- 
penses incurred in warehousing and storage are also included ifi the 
selling expense budget. These expenses include heat and light, depre- 
ciation, taxes, insurance, salaries, and clerical expense. 

The selling expense budget, like the advertising expense budget, 
raises the problem of determining the most profitable expenditure. 
Some items of selling expense can be increased with profit to the com- 
pany; but, beyond a certain point, additional expenditures are not justi- 
fied by the increase in sales. The selling expense budget is prepared by 
the sales manager and revised or approved by the budget committee. 

Administrative Expense Budget. This budget is prepared by the con- 
troller or possibly the office manager, depending upon the nature of 
the organization. It includes the estimates for the expenses of the ac- 
counting, statistical, credit and collection, and general administrative 
offices. Bad debts expense is also included under this heading. The 
general administrative expenses do not vary in proportion to changes 
in the volume of sales. Because of the familiarity of the controller or 
office manager with operating methods and statistical reports, the ad- 
ministrative expense budget is usually subjected to little revision by the 
budget committee. Actual expenses do not vary greatly from the esti- 
mate., - — 

BUDGET SUMMARIES 

The various budget estimates should be integrated to reflect the 
operations of the entire program. Two summaries may be prepared to 
show the effect of the separate budgets upon the operation of the enter- 
prise. They ate the cash budget and the estimated financial statements. 

Cash Budget. From the other budgets, together with certain supple- 
mentary information, an estimate of cash receipts and cash disburse- 
ments is prepared. To die balance of cash and marketable securities on 
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hand at the beginning of any month are added the cash receipts and cash 
sales, accounts and notes receivable, dividend and interest income, pro- 
ceeds of long-term financing,' sales of property, and other sources. In 
this estimate, allowance is made for the time allowed customers in 
making payment on credit sales and also for cash discounts. In the 
estimate of cash disbursements, allowance is made for the variations 
between the expenses for each month and the cash disbursements. For 
example, bad debts and depreciation, although expenses, are excluded 
from the estimates of cash disbursements. Insurance, taxes, and royal- 
ties appear in the monthly expense estimates but are not paid on a 
monthly basis. The monthly forecast of cash might be prepared as 
follows: 

Monthly Cash Forecast 

Balance at beginning of month ( cash and mar- 
ketable securities) 

Receipts: 

Cash sales 

Collections of accounts receivable 

Collections of notes receivable 

Sales of properties 

Total 

Total Balance and Receipts 

Disbursements: 

Expenses 

Income taxes 

Plant facilities - - - 

Interest 

Dividends 

Other 

Total 

Balance at end (including marketable securi- 
ties) 

Additional requirements: 

Cash required, to be borrowed from banks 

Available for payment of bank loans and 
other purposes 

Estimated Financial Statements. The budgets make it possible to 
prepare an estimated profit and loss statement for the coming year and 
an estimated balance sheet showing the financial position at the end of 
the year. The estimated statements are prepared with die aid of a de- 
vice known to accountants as a work sheet. In the first two money 
mliimnc ar e entered the ledger account balances as of the beginning of 
the year. The summarized budgets for the year are then entered as a 
series of adjustments. For example, the amount of sales on account is 
entered as an increase in Accounts Receivable and an increase in Sales. 
The collections of accounts receivable are entered as an increase in 
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Cash and a decrease in Accounts Receivable. Expenses paid in cash, as 
shown in the expense and the cash budgets, are entered as Expenses 
and as a decrease in Cash. This procedure, which is familiar to all 
accountants, is continued until the information shown in all the budgets 
has been entered. From the estimated financial statements prepared in 
this manner, the budget committee can see the total effects of the pro- 
posed program. 

EXECUTION OF THE PLAN 

V 

The preparation of the budget is only the first step in the program. 
The success of the budget requires follow-up and control. The account- 
ing department should establish an account classification corresponding 
to the form of the budget estimates. An account should be opene^ for 
each budget allotment, and all expenditures should be classified and 
entered to show the total expenditure under each classification. Monthly 
reports should be prepared by the accounting department to show for 
each income or expense item (1) the amount for the current month, 
(2) the amount for the same month last year, (3) the budget estimate, 
and (4) the amount for the current month over or under the budget. 
Such reports should be prepared soon after the close of each month; 
and copies should be furnished to department heads, foremen, and 
other persons in the management. 

All significant variations from the budget should be investigated to 
determine the cause. Some variations may be due to salary or wage 
changes authorized by the management or to changes in the cost of sup- 
plies in the market. Others may be caused by inefficiency. All execu- 
tives, including the foremen, should be given some incentive to encour- 
age them to meet the budget estimates. The reward might consist of a 
word of praise, a letter of commendation, a higher merit rating, or a 
monetary bonus. 

Effect upon People. Although the budget _is prepared in dollars, 
units of product, inventory items, and machinery and equipment, it 
cannot be separated from the people who are affected by it. The budg- 
et puts pressure upon the people in an organization because it establishes 
production goals which must be reached with a limited expenditure 
for materials, labor, and expenses. Because die budget establishes a 
standard against which the accomplishments of people are measured, 
it <tends to arouse a certain amount of resentment. Foremen and execu- 
tives at the lower levels dislike the idea that standards will be raised 
when accomplishment? have been increased or expenses have been low- 
ered, and they may therefore withhold their best efforts to prevent the 
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establishment of more difficult standards during the next month or 
year. They tend to become suspicious of moves to increase the produc- 
tion budget and to tighten tjie financial budget. Such feelings cause 
foremen to favor foremen s unions or clubs as a means of lessening 
pressure upon themselves. Foremen may look favorably upon labor 
unions, which may register complaints with management when pres- 
sures are passed on to workers. As expenses are incurred, foremen may 
question the propriety of making certain charges against their depart- 
ments, particularly in those cases where allocation of expenses becomes 
necessary. 

To assure the success of the budget, middle or top management 
should work with lower level supervisors to elicit their support. Execu- 
tives may make budget talks to explain the proposed plans. They may 
use the expense and cost information to hold additional meetings from 
time to time. If supervisors fail to meet the budget, they should not be 
excused, but the reasonableness of budget standards and restrictions 
should be explained. To gain acceptance and support for the budget, 
the person in charge of the plan should be skilled in conference tech- 
niques and in human relationships as well as in financial management.* 

Advantages of Financial Planning. When properly operated, the 
budget should improve management methods in many respects. Execu- 
tives give careful attention to various possible courses of action and 
choose the course which will result in the greatest benefit. Errors in 
management are discovered and corrected. 

The program of various departments is kept in balance. Expansion 
and increased expenditures are authorized for departments that can use 
the additional funds to best advantage. Departments that are over- 
expanded may be curtailed, and executives who are not properly placed 
may be transferred or given training to improve. The activities of the 
business, such as finance, purchasing, production, and sales, are prop- 
erly co-ordinated. Co-operation between departments is encouraged. 

The executives acquire a greater knowledge of the business and of 
other persons within the company. Information is made available for 
the rating of foremen and other executives. A proper method of ap- 
proach to business problems is developed within the organization. Ex- 
ecutives learn to give careful study to any situation before rendering a 
decision. 

Limitations of Financial Planning. Budgets have not always been 
regarded as successful. The failure of budget programs has usually been 

’ See Chris Argyris, "Human Problems with Budgets,” Harvard Business Review, Vol. 
XXXI, No. 1 (1953),’ PP- 97-110. 
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due to poor management. The difficulty has been that too much was 
expected in too short a time with too little attention by executives 
throughout the organization. Not much can be expected when die de- 
partment heads prepare the budget by taking last year’s figures and 
changing them a little to make them look reasonable and when the 
current year’s reports are merely prepared and filed away. The budget 
should not be regarded as a time-consuming device or as just another 
report. It should be regarded by all executives as essential to the suc- 
cess of the enterprise. The full benefits should not be expected unmedi- 
ately. The value of the budget will increase as the management Requires 
experience in using it. 


QUESTIONS 

1. How does the budget aid in business management? 

2. Is the budget principally a financial plan or a means of control? Is the at- 
titude of the foreman toward the budget the same as the attitude of the top 
executives? Explain. 

3. Why is the budget a better financial standard than the record of perform- 
ance last year? 

4. If a partial budget is made, which items of income and expense would be 
budgeted? 

5. Do die budget items represent goals or limitations upon expenditures? 

6. What is the function of the controller and of the chief executive in the 
preparation of the budget ? 

7. What estimates in the budget should be stated in nonfinancial terms? 

8. Where would a company start in the preparation of a budget? 

9. Why is the year the most desirable period for making a budget? Would 
the year sometimes be too long or too short a period ? 

10. How does die cash budget differ from the budget for sales, costs, and 
expenses? 

11. What information may be gained from the estimated balance sheet and 

the estimated profit and- loss statement? _ 

12. Show the relation of the plan for the various activities, the budget, the 
organization of the enterprise, and accounting system, and the .financial reports. 


CASES 

77. BUDGETING MANUFACTURING COSTS 

A shirt manufacturing company makes two product lines, which are designated 
as dress shirts and fancy, sfiiits, Budget plans are made by conferences between. 
, top executives, including the vice-presidents in charge of manufacturing, sales. 
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finance, merchandising, and purchasing. For the six months beginning on Sep* 
tember 1, the budget committee has estimated that the company can make and sell 
12,400 dozen dress shirts and 10,000 dozen fancy shirts. 

The cost of materials and supplies for dress shirts is estimated to be $1.00 per 
shirt, and the cost for fancies is estimated at $1.23. Workers are paid on piece 
rates, which total 73 cents per shirt for either type of shirt. Manufacturing ex- 
penses are estimated to be one third of labor cost, or 23 cents per shirt. Selling 
and general administrative expenses are estimated at $80,000 for the period of six 
months. 

The dress shirts are sold to retailers for $2.30 each and the fancies at $3.50. 


Required: 

Prepare a statement for the six-month period. 

78. DESIRABILITY OF A BUDGET 

Ritchey and Mansfield operate a plumbing and heating contracting business. 
They install equipment in residences, office buildings, apartments, and other struc- 
tures on contract. They maintain a storeroom of heating and plumbing supplies 
which averages about $50,000. Some supplies are purchased for each contract, 
and some are drawn from the regular stock. Last year, their contracts totaled 
$325,000. Materials and supplies cost $140,000 for the year. The average num- 
ber of employees on the payroll was 25, and labor cost was $120,000. Expenses, 
not including salaries of the partners, were $31,000. 

The partners have never prepared a budget. Plans are made from one month 
to the next, and bank loans are arranged as they are needed. Repayments of loans 
are made when money is available, and renewals of loans are arranged if funds 
are not available for payment. Mr. Ritchey believes that substantial economies 
could be realized by the use of a budget of income, expenses, and costs and also 
cash receipts and disbursements. Mr. Mansfield is unable to see any advantages of 
a budget in a business of this kind. He thinks that the firm must take business 
when it can get it and that planning would be too uncertain to be of any value. 



Explain the advantages of a budget in this kind of business. 



CHAPTER 


38 Planning 
and Conlt'dl 
through Costs 


JUST as all activities in the plant come to a focus in planning 
and controlling the volume of production, so the financial results C|f all 
activities in production are reflected in the cost of the product. All of 
the expenses of the various departments, both operating and facilitating, 
are incurred for the benefit of production and should eventually be re- 
flected in the cost figures. Likewise, the expenses incurred in the various 
horizontal levels in the production division from the supervisor upwards 
should be prorated or apportioned in some manner and charged to cost. 
An effective control of manufacturing operations therefore requires 
attention to cost figures and the manner in which they are determined. 
The discussion of cost information in the present chapter is designed to 
show the way that cost is determined and also the uses that may be made 
of the cost figures. It is not intended to indicate the detailed methods 
of organizing and operating a cost accounting system. 


NATURE AND USES OF COST INFORMATION 

Cost data should not be regarded merely as a report of performance 
in preceding months or years. The information concerning costs should 
be related to future plans, policies, and practices. It should be compiled 
in such detail that it is useful to management in evaluating performance 
and in increasing efficiency. 

Some Uses of Cost Data. Cost information serves many of the pur- 
jxwes of management.' The accountant uses cost figures to determine 
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the value of the inventory of finished goods and work in process of man- 
ufacture at the various work stations at the end of the month or year. 
Inventory figures are required in the preparation of the statement of the 
cost of goods manufactured and sold, the profit for the period, and the 
closing balance sheet. Although financial statements are required for 
various purposes, such as reports to directors, stockholders, and credi- 
tors, the detailed cost data can be useful to management in many other 
ways. 

Cost information is used in determining selling prices when a com- 
pany must bid on a contract without knowing what the bids of others 
will be. Cost information also affords a valuable check on the determi- 
nation of the selling price of one size or grade of a line of products in 
relation to the prices of other sizes or grades in the same line. However, 
the product must usually be priced in relation to prices asked by competi- 
tors for similar products in the market. A manufacturer cannot ordi- 
narily fix his selling price by computing his cost and adding what he 
regards as a fair margin of profit. 

When management finds from its cost data that certain products are 
being sold at a loss or at a small margin of profit, it may be able to dis- 
continue their production and to concentrate on the profitable items. 
Even though the unprofitable items may be continued in order to retain 
the profitable business, management can put its major sales effort behind 
the profitable items. The same considerations apply to unprofitable 
sales territories or branch offices. 

Cost information is designed to inform management of the depart- 
ments or the manufacturing processes where costs are excessive and to 
permit the proper steps to be taken to increase efficiency. It should 
provide the data to permit management to determine whether material 
costs are excessive because too much material was used or the purchase 
price was too high; whether labor costs are out of line because the 
worker spent too much time on the work; or whether processing costs 
in the manufacture of any product are more than they should have been. 

Kinds of Cost Systems. Cost systems are of several kinds because the 
needs of businesses and industries differ. The two principal types of 
cost systems are, first, the process cost system which is used in contin- 
uous-production or mass-production industries and, second, the job-order 
or production-order cost system which is used in diversified production. 

The process cost system is used to determine the total cost of oper- 
ating each department or each process in manufacture. The average cost 
at each stage of production is determined by dividing the cost of oper- 
ating the department by the number of units produced. Total average 
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cost per unit is determined by adding the average costs at the Various 
stages of production or die average costs in each department. For ex- 
ample, raw sugar is refined by a series of steps which start with remov- 
ing molasses, reducing the crystals to syrup for purifying, filtering, 
crystalizing, cleansing, drying, and packaging. Because the sugar flows 
continuously from one operation to the next, costs can be figured only 
by dividing the cost of each operation by the number of pounds proc- 
essed. Similar methods of computing costs are used in such industries 
as food processing, bread baking, and soepmaking. j 

The production-order cost system is designed to determine the cost of 
each unit or each lot of product manufactured. This system ismsually 
preferred to process cost accounting, provided that separate costslcan be 
determined without too much clerical expense. The method i^ espe- 
cially suited to companies making products of large dollar cost to the 
specific order of customers. Examples of such products are bridges, 
buildings, industrial filters, and ships. It is also used by manufacturers 
who make a large quantity of items of relatively low unit cost to the 
order of the customer, such as books, shirts, dresses, glass or tin contain- 
ers, and machine parts. In some cases, production-order cost accounting 
is used to determine the cost of items manufactured for stock. 

Production-order cost systems are not all operated in the same man- 
ner. The types of such systems are as follows: 

1. A historical cost system shows the actual costs during the present 
or the preceding month or year. 

2. A standard cost system shows the cost of the product according to 
a predetermined standard and the amount by which actual cost differs 
from the standard. The standard costs may be recorded in the accounting 
records; or the actual or historical costs may be recorded in the accounts, 
and the standard cost may be used only for comparative purposes. Stand- 
ard costs are sometimes called "predetermined costs." 

3. An estimated cost system shows the costs as estimated by manage- 
ment and die amount by which the actual historical cost varies from the 
estimate. Estimated costs are usually recorded in the accounting rec- 
ords. Estimated cost differs from standard cost in that the estimated . 
cost iswhat management thinks the cost actually will be, while the r 
standard cost is what the cost would be if all waste could be eliminated v 
jfgpd ao mistakes were made by workers or management. 

Sements of Cast. The manufacturing cost of any product is the sum 
of materials, labor, and manufacturing expenses. Material cost is the", r 
caff of purchased items entering into the product ami becoming a part * 
of It, such as the lumber in a table or die doth in a dirt Materials 

V ’ ; ' 
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to be contrasted with the supplies, which are used in the factory but do 
not become a part of the product. Labor cost is the amount paid work- 
ers whose time is spent in fabricating, transporting, painting, finishing, 
polishing, assembling, or otherwise working directly on the product. 
The time spent on a task can be clocked, and the amount of the labor 
cost to be charged to the product can be definitely determined. Material 
cost plus labor cost equals total prime cost or direct cost. Manufactur- 
ing expenses include those costs that are not incurred for the benefit of 
any one production order or unit of product. They are incurred for the 
benefit of the entire factory or possibly for the benefit of some one de- 
partment. Because manufacturing expenses cannot be identified with 
any one production order or any specific units of the product, they must 
be prorated as a cost of the various units manufactured. Manufacturing 
expenses were explained in the preceding chapter in the discussion of 
the budget. 

DETERMINING THE COST OF A UNIT OF PRODUCT 

The discussion of cost information in the present section pertains to 
the production-order method, which shows detailed costs. In diversified 
production, each production order accumulates costs of materials, labor, 
and expenses as it moves from one work station or one machine to an- 
other. The cost data are recorded in each department, and the informa- 
tion is collected and tabulated by the cost accountant. 

Determining Material and Labor Cost. The cost of material to be 
included in the cost of a production order is not particularly difficult to 
determine. When materials are requisitioned from the storeroom, the 
number of the production order is indicated on the requisition. After the 
cost has been entered by the balance of stores clerk, the requisition is 
forwarded to the cost accounting department, where the amount is en- 
tered on a cost summary, or cost sheet, which is kept for each produc- 
tion order. The quantity of material used in production is definitely 
known* and the unit cost of the materials may be determined from the 
balance of stores record by the first-in, first-ofit method, by the last-in, 
. first-out method, or by the moving-average method. 

Labor cost is determined from a labor time ticket, which is prepared 
I in the department where the work is done. The ticket shows the time the 
'"'"•'Work was started, the time when the work was completed, and the 
elapsed time. The payroll section of the cost department determines 
the labor cost by multiplying the time taken by the labor rate per hour, 
ox by, multiplying the number of pieces by the rate per piece. The prm 
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dpal difficulty in determining labor cost is in deciding the method of 
entering such items as social security taxes for direct labor, bonus paid 
for overtime and holiday work, paid vacations, provision for pensions 
and retirement, and payments for idle time due to delays in production. 
Although such items are theoretically a part of direct labor cost, many 
companies treat them as manufacturing expenses. The method of charg- 
ing them to expense is easier and simpler because manufacturing ex- 
penses are not charged to any product but are allocated over the vari- 
ous products. Such expenses as payments made during vacations can- 
not readily be charged against any one product or the order of any one 
customer. \ 

Purposes of Manufacturing Expense Accounting. A large part of 
the difficulty in cost accounting arises in dealing with manufacturing 
expenses. This fact can be seen from the objectives in accounting for 
manufacturing expenses. One objective is to determine the total of each 
class of manufacturing expenses, such as supplies, indirect labor, super- 
vision, depreciation of machinery and equipment, property insurance, 
and heat, light, and power. This information is valuable to the man- 
agement in comparing expenses from month to month or from year to 
year. It is also used in the preparation of the profit and loss statement. 

Cost accounting reports also show the amount of expense incurred by 
each department, both line and staff. This information is necessary in 
order that each department may be held accountable for its expenses. 
The classification of expenses by departments is also necessary to the 
operation of a budget. Ift cost accounting, the two types of departments 
are usually called "manufacturing departments’’ and "service depart- 
ments.” 

Another purpose of expense accounting is to determine the cost of 
service rendered by each facilitating department. Such departments as 
standards and methods, personnel, repairs and maintenance, production 
control, inspection, and power do not manufacture the product directly 
but they assist in its manufacture by rendering a service to the manufac- 
turing departments. After the cost of operating such a department has 
been determined, the cost of the service rendered to each manufacturing 
department is computed. The total cost of operating each manufactur- 
ing department is the sum of the expenses incurred within the depart- 
ment and the apportioned charges. For example, the cost of operating 
the assembly department is the sum of the expenses incurred in the 
department plus the costs of the services rendered to it by the various 
staff toc facilitating departments. 
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Cost accounting reports show the amount of expenses of each manu- 
facturing department that is charged against each unit or each batch of 
the product passing through the department. Since the expenses of the 
department are incurred for the benefit of all units of product fabricated 
in the department, the amounts must in some manner be apportioned to 
the various units. This problem is one of the most difficult in cost 
determination. 

Allocation of Service Department Expenses. After the expenses of 
the service departments have been determined for any month or other 
period of time, they are allocated or apportioned to the manufacturing 
departments on some basis which is a measure of the actual cost of serv- 
ice rendered. For example, the total power cost may be apportioned on 
the basis of the amount of power consumed as determined by meter. 
Factory lunchroom expense in excess of income from meals is appor- 
tioned on the basis of the number of employees in a department. Repair 
and maintenance expenses are apportioned on the basis of actual cost of 
the repairs as determined by the cost of the materials or parts used and 
the wages paid to repairmen. In case no other basis for apportionment 
is available, the expenses of a service department are apportioned on the 
basis of number of employees or the number of labor hours in the 
manufacturing departments. 

The allocation of service department expenses to manufacturing de- 
partments is complicated by the fact that some service departments ren- 
der services to each other. For example, employees from the power 
plant use the facilities of the plant cafeteria; and the plant cafeteria 
uses heat, light, and power from the power plant. The total expenses of 
each service department include a part of the expenses of the others. 

This problem is handled in one of three ways, as follows: 

1. Disregard the cost of any service rendered by one service depart- 
ment to another, and apportion the total expenses of each service depart- 
ment directly to the manufacturing departments. 

2. Distribute first the expenses of a service department that renders 
service to the greatest number of service departments and receives the 
least service from the others. Part of the expenses of such a department 
would be charged to manufacturing departments, and part would be 
charged to other service departments. From the remaining service de- 
partments, select the one that has served the greatest number of others 
and has received the fewest services; and distribute the expenses in the 
same way. Proceed in this manner until the expenses of ail service de- 
partments have been distributed. The expenses of the last service de- 
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partment will be distributed entirely to the manufacturing departments, 
since no expenses are charged back to the service departments whose 
expenses have been distributed. 

3. Proceed as by the second method with the difference that when 
the expenses of the second service department are distributed, some of 
the expenses may be carried back to the first department, provided it was 
benefited by services rendered. When the expenses of the third service 
department are distributed, some of the expenses may be carried back to 
the first two departments, provided they Reived services from the third 
department. When the expenses of all service departments have been 
distributed, the procedure will have to be repeated because new undis- 
tributed balances for the various service departments have been created. 
This process is continued as many times as necessary to reduce service 
departmental balances to small amounts. Any remaining balances are 
then carried directly to the manufacturing departments, and any service 
rendered by one service department to another is disregarded. 

Allocation of Expenses to the Product. The total direct and appor- 
tioned expenses of a manufacturing department are allocated to the 
product manufactured in that department. This apportionment may be 
made in any one of several ways. By the labor-cost method, the total 
manufacturing expenses of a department are divided by the total labor 
cost to determine a ratio or a percentage. This percentage is applied to 
the labor cost of a production order to determine the expense to charge 
as a part of the cost of the order. For example, if the expenses of a de- 
partment total $15,000 and the labor cost is $20,000, the expenses 
amount to 75 per cent of the labor cost. If on a given production order 
fee labor cost is $80, the manufacturing expense would be $60. The 
ratio of manufacturing expense to labor cost is increased by greater 
mechanization, the installation of materials-handling equipment, and 
the higher cost of machinery and equipment. Such changes increase the 
- overhead expense and decrease direct labor cost. If a plant is fully auto- 
mated, the direct labor cost method of spreading'overhead expense can- 
not be used because no direct labor cost is incurred. 

If expenses are apportioned by the labor-hour method, the total manu- 
facturing expense of a department is divided by the number of labor- 
hours to determine the cost per hour. The number of labor-hours spent 
Oft any production order multiplied by the cost per hour gives the total 
manufacturing expense to be charged against the order. The cost per 
labor-hour js increased by various developments as explained in the 
preceding paiagajh. 
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Expenses may be charged to an order on the basis of the number of 
hours of processing time and the cost of operating a machine for me 
hour. By this method, the expenses of a department are apportioned to 
die various machines to determine the cost of operating the machine 
for the month. The cost for the month divided by the number of hours 
equals the cost for one hour. The number of hours the machine is used 
in processing any order multiplied by the cost per hour equals the total 
expense to be charged against the order. Because the workplaces may 
consist of benches or equipment other than machines, this method is 
sometimes called the production-center method. 

Expenses may be allocated on the basis of material cost. When this 
method is used, the total material cost is divided by the manufacturing 
expenses to determine the percentage. The material cost on any order 
multiplied by the expense ratio equals the expense to be charged against 
the order. This method has limited application. 

The most accurate method of allocating manufacturing expenses is 
the machine-hour method because it results in charging the expenses to 
the product on the basis of processing time and the costs incident to 
time. Other methods indirectly allow for time, but the amount of the 
expense charged to any product is affected by other factors. For example, 
the labor-hour method is related to time but is not directly related to 
processing costs because it does not allow for the cost of operating the 
marhinp The labor-cost method results in a charge which is dependent 
upon the number of hours of labor, but the expense charge is also 
affected by the wage rate of the worker. However, the labor-cost 
method is often used because it requires less clerical expense than any 
other method. 


SOME PROBLEMS OF COST DETERMINATION 

Cost has different meanings to different people, and cost also varies 
with the uses to be made of the information. For purposes of man- 
agerial use, the concept of cost requires definition. Some possible mean- 
ings of cost are explained in the following paragraphs. 

Costs Based on a Predetermined Rate of Production. The cost of 
the product could be computed by apportioning the manufacturing ex- 
pense each month over the units produced during the month. However, 
tids method would usually result in fluctuating costs because the months 
db not have the same number of working days and also because expenses 
do not vary directly with die rate of output. A unit cost which vanes 
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from one month to another because of varying rates of production is 
not usually considered a true cost. The effect of seasonal variations upon 
cost is eliminated by computing the cost over a longer period, such as a 
year. The total manufacturing expense for the year is apportioned to 
the ijnits produced during the year by one of the methods previously 
explained. 

The most accurate method of computing the overhead expense to 
charge as a part of the cost of a production order might be to wait until 
the end of the year when the total expense and the total production 
would be known. However, management cannot wait until the end of 
the year to know the cost. Therefore, the expenses and the production 
are usually estimated in advance; and a predetermined expense rate is 
computed at the beginning of the year. This rate is used throughout 
the year to determine the proper amount of expense as each order is 
completed. 

When a predetermined expense rate is used, the amount of expense 
apportioned to all production orders probably will not exactly equal the 
actual expense. If the actual expense exceeds the amount apportioned, 
the difference is the underapplied expense. This amount is usually .re- 
garded as the cost of idle time or as a loss due to the low volume of pro- 
duction. However, some accountants recommend that the underapplied 
expense be apportioned to all production orders completed during the 
year by computing a supplementary rate of expense apportionment. 

If the expense entered, as a cost on the various production orders ex- 
ceeds the actual expense, the difference is the overapplied expense. Since 
the cost is overstated in comparison with actual expenses, the difference 
is usually treated as a deduction from the total cost of goods manufac- 
tured. However, the cost of the various production orders might be 
recomputed. 

Cost Based on Normal Rate of Output. In the preceding paragraphs, 
it has been assumed that the predetermined expense rate is computed on 
a basis which was intended to apportion the totar expense over the pro- 
duction for a year. This method of computing costs would cause the 
cost per unit to fluctuate with changes in the volume of production from 
one year to another. To illustrate, assume that a company manufactures 
only one product. The production, the manufacturing expense, and the 
manufacturing expense per unit over a period of five years have been 
as shown in Table 6. 

The total cost per unit would include materials and labor in addition 
to fee manufacturing expense as shown in Table 6 . If these costs remain 
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period, the total cost, might be at 
•town m Table 7. In tins illustration, it is assumed that the material 
and labor cost is $20 per unit. 


TABLE 6 

Varying Expenses per Unit of Product with Changes in Volume of Output 


Number of Units 
Produced 

Manufactuting 

Expense 

Manufacturing 
Expense per Unit 

50,000 

$ 760,000 

$15.20 

60,000 

780,000 

13.00 

90,000 

810,000 

9.00 

70,000 

784,000 

11.20 

50,000 

760,000 

15.20 

320,000 

$3,894,000 

$12.11 



Table 7 shows that the unit cost decreases with an increase in the rate 
of production and increases with a decrease in the rate of production. 
Cost figures which fluctuate in this manner may be misleading to the 
management. Therefore, the cost per unit may be figured on what is 
considered to be a normal or an average rate of output. In the illustra- 
tion given, the average manufacturing expense per unit might be as- 


TABLE 7 

Changes in Total Cost per Unit with Changes in Volume of Output 


Year 

Material and 
Labor Cost 

Expense 
(per unit) 

Total Unit 
Cost 

1 

$20.00 

$15.20 

$35.20 

2 

20.00 

13.00 

33.20 

3 

20.00 

9.00 

29.00 

4 

20.00 

11.20 

31.20 

5 

20.00 

15.20 

35.20 

Average 

$20.00 

$12.11 

$32.11 


sumed to be $12.11; and the total cost per unit each year might be con- 
sidered to be $32.11. Over the five-year period the total expense charged 
on all orders would equal the actual expense, although in some years the 
expense would be overapplied and in other years it would be under- 
applied. 

The normal rate is determined by selecting some year which is con- 
sidered normal or average. The manufacturing expense per unit in that 
year is used as the expense per unit each year. If expense is distributed 
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by the labor-cost method, the normal rate is computed by determining 
the ratio of manufacturing expense to labor cost in the normal year. 

The unit cost of the product as determined by die methods described 
should be regarded as estimated rather than as exact. Such a unit cost 
can be of much value to management, provided that its limitations are 
recognized. 

Standard Cost. A predetermined standard is sometimes established 
for each element of cost at each stage in production and also for the 
total cost. For materials, the standard. would indicate the estimated 
amount of each kind of material and the cost per pound or other unit. 
For labor, die estimate would show the number of hours in each depart- 
ment os*at each workplace, the hourly rate, and the total cost in\each 
department. The standard for expenses in each department would indi- 
cate the number of hours of machine time or the number of labor-hours, 
the standard rate, and the total expense. When all of the cost elements 
are accumulated, the standard should indicate the proper cost of all ele- 
ments for an order and for each unit of product. 

The standard cost shows what the cost should be if the right kinds of 
materials are used in the right amounts with a minimum of waste or 
scrap. It shows what the labor cost would be if the work is assigned to 
workers who are properly trained to do the work and who are paid the 
usual rates. The standard expense is based upon the standard rate per 
hour at the machines best suited to process the materials. A cost in 
excess of the standard may be due to inefficiency or to unusual circum- 
stances inside or outside the company. 

When a standard cost system is used, the actual costs and die vari- 
ances from the standard may be recorded in the accounting records, or 
the variances may be tabulated for statistical reports. Standard costs 
may require a substantial amount of work if the company produces a 
varied product line and the manufacturing process is of short duration. 
The clerical work may be performed by accounting clerks or by ma- 
chines. If a machine is used, the standard costs are put into the ma- 
chine at any time they are computed. The actual costs can be recorded 
from day to day as the work is done. The machine will' compute and 
record the variances. The information is made available sufficiently 
early to permit management to take die proper corrective action. 

Differential Cost. By differential cost is meant the increase in cost 
which will remit from an increase in production. To illustrate the sig- 
nificance of differential cost, assume that a manufacturer receives an 
offer to purchase 1,000 units of his product for $2.50 per wait. The 
prospective purthasetis a chain store or mail-order house whose sain 
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are made under private brand or trade name and do not affect the other 
sales of the manufacturer. The cost accountant prepares a cost summary 
which shows a unit cost ot$3.00. The statement is as follows. 


Materials ($1.00 per unit) $ 5,000 

Labor ($1.00 per unit) 5,000 

Expense 5,000 

Total Cost of 5,000 Units $15,000 

Unit Cost $5.00 


This statement indicates that cost is in excess of the proposed sales 
price of the additional 1,000 units. The accountant is requested to show 
what the costs would have been if the additional 1,000 units had been 
produced. This statement shows a unit cost of $2.85, as follcftvs. 


Materials ($1.00 per unit) I 6,000 

Labor (Jl.00 per unit) 6,000 

Expense 5-100 

Total Cost of 6,000 Units $17,100 

Unit Cost * 2 - 85 


The cost per unit is still in excess of the proposed selling price, and 
it therefore seems that the manufacturer should reject the offer. How- 
ever, total costs are increased only by $2,100, while income is increased 
by $2,500. On the basis of differential cost rather than average unit cost, 
the proposed sale appears to afford a profit. Before the decision is made 
to make and sell the additional 1,000 units at $2.50 per unit, the manu- 
facturer should consider the possible effect on the market, his ability to 
finance the additional production, and the possibility of legal liability 
under the Robinson-Patman Act, which prohibits discrimination between 

customers. 

Differential cost might be a factor in the plans of the management 
for adding a new product to the line or for dropping a product. If a 
new product will pay its •'out-of-pocket'' costs and contribute some- 
thing toward the overhead expenses, it might constitute a desirable addi- 
tion to the line. The decision to add the product would be affected by 
other considerations, such as the prestige of the wider line, the effect 
upon jobs within the company, and the possibility of increased sales 
for the new item in later years. Similar considerations would affect the 
proposal to drop an item that pays its direct costs and makes a contribu- 
tion to the overhead. The possible effect upon people within the com- 
pany sometimes results in the carrying of unprofitable lines when they 
should be dropped. 
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Total Cost. The total cost of all units produced may be as significant 
as unit cost. To illustrate, assume that a manufacturer produced 6,000 
units at a total cost of $17,100 and that selling and administrative ex* 
penses totaled $6,000. If he sold the product for $3.80 per unit, his 
profit and loss statement would be as follows: 


Sales (6,000 units at $3.80) $22,800 

Cost of goods sold : 

Materials ($1.00 per unit) $6,000 

Labor ($1.00 per unit) 6,000 

Manufacturing expense 5,100 17,100 


Gross profit $ 5,700 

Selling and administrative expenses 6,000 


L*ss $ 300 


In order to avoid a loss, the manufacturer increased his selling price 
to $4.00. However, the higher price caused his sales to decrease to 
5,000 units, with results as follows: 


Sales (5,000 units at $4.00) $20,000 

Cost of goods sold: 

Materials ($1.00 per unit) $5,000 

Labor ($1.00 per unit) 5,000 

Manufacturing expense 5,000 15,000 


Gross profit $ 5,000 

Selling and administrative expenses 5,700 


Loss $ 700 


The manufacturer has increased his loss by increasing his selling 
price. This illustration is not intended to show that an increase in sell- 
ing prices is always poor policy. It indicates only that other factors be- 
sides unit cost should be considered. 

Replacement Cost. In time of rising prices for materials and labor, 
replacement cost is a factor in sales policies. Suppose, for example, that 
a company has in stock 5,000 units which cost $15,000 to manufacture. 
If the prices of materials and wages paid to employees have increased to 
such an extent that the cost of replacing the goods would be $20,000, 
this fact should be considered in pricing. 

Opportunity Cost. The management might like to know what profit 
was sacrificed or lost by using the semifinished products at certain stages 
fpr further processing instead of selling them. Stated in another way, 
management might wish to know what the final product would have 
cost, if the 'semifinished product had been transferred to a later depart- 
ment at the prices prevailing in the market for such products. 
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To illustrate the meaning of opportunity cost, assume that a meat- 
packing plant produces dressed meats, which are used in making cured 
and canned meat products, at a cost of $5,000. The company could have 
sold the dressed meats without further processing for $5,500. In deter- 
mining the profit from subsequent operations, the cost of the material 
might be considered to be $5,000. However, if the final profit is only 
$400, the last department is operated at a loss, when opportunity costs 
are considered. Other examples of opportunity costs are the use of a 
building in business when it could be rented, the devoting of the owner’s 
time to a business when he could be earning a salary, and the use of 
materials by a steel company for the manufacture of fabricated products 
when the steel could be sold in the market. Opportunity costs do not 
appear in the cost reports, but they affect the decisions of management. 

Disseminating Cost Information. Cost data which is made available 
to supervisors and executives provides an incentive for cost control and 
cost reduction. To be useful, cost reports should reflect recent perform- 
ance. Some data are reported monthly, and other data are reported 
daily, quarterly, or annually. The cost of a production order or of con- 
tract work should be reported as soon as possible after the work has 
been completed. The reports should be sent to all persons who are in 
a position to make use of them. 1 

A PROGRAM FOR COST CONTROL 

The usefulness of cost information depends largely upon the extent 
to which it is used to reduce, limit, or otherwise control the various 
activities which give rise to costs and expenses. An effective program 
for cost control would require, first, that the objectives of the enterprise 
be determined. Second, standards should be established for judging 
whether costs are high, low, or average. Third, the data for costs should 
be collected, tabulated, summarized, and transmitted to management 
for comparison with the standard. Finally, good performance should 
be commended or otherwise rewarded, and excessive costs should be 
brought under control. 

The Question of Objectives. The objective of an industrial enter- 
prise is usually considered to be the production and sale of goods and 
services at a profit. Therefore, the desirability of any expenditure is 
determined by the contribution that it makes to profit, either long run or 
short run. The expenditure may increase profit by reducing cost, im- 

* "Audit Guide for Manufacturing,” factory Management and Maintenance, Vol. CXVU, 
No. 12 (1959), p. 58. 



MANAGEMENT OP INDUSTRIAL ENTERPRISES 


did 

praying quality, increasing the rate of output, or improving human 
relations. The safeguarding of the health and safety of employees is 
also essential to the stability and growth of the enterprise. Activities 
may also increase profits by increasing the volume of sales. 

A company usually has other objectives besides profit. It may seek to 
provide steady employment. It may co-operate with the government in 
its program of national defense. Other objectives may be established to 
guide the management in its relations with vendors, customers, com- 
munities where the plants of the company, are located, and other? out- 
side groups. Such objectives provide criteria for determining the desir- 
ability of any expenditure. \ 

Standards for Costs. The standard costs for materials are estab- 
lished with reference to the specifications for materials. A standard 
quantity for each product is also desirable. Standard labor costs dre 
established through work measurement and the regular hourly wages 
or piece rates. Standards for manufacturing expense involve more diffi- 
culty, but an approach to the problem may be made through the methods 
and procedures described in the preceding pages of this chapter. The 
budget of manufacturing expenses also constitutes a standard for con- 
trolling expenses. 

The cost information should be summarized in a form that is easily 
understood. The data should be sent to those persons in the manage- 
ment who are in a position to take corrective action. The information 
pertaining to costs in a department should be sent to the foreman and 
also to his supervisor. Expense analyses should be prepared for each 
manufacturing department. The classification of expenses would con- 
form to the assignment of duties to the positions as shown by the 
organization chart. 

Action on Cost Information. The cost information may show an 
excessive cost of materials, labor, or expenses. Further analysis is re- 
quired to determine which material cost is too large and also to trace 
the higher cost to purchase prices or to quantity used. Labor cost would 
be traced to the department, the machine, and the worker. Expenses 
would be analyzed by departments and by amounts charged on an order 
at each workplace. 

Because all activities of the manufacturing division are finally re- 
flected in the cost figures, a high cost may be caused by poor manage- 
ment of any of the activities that have been described in preceding 
pages; Difficulties may arise because of ineffective organization, poor 
morale, lack ofmotivation, poor maintenance, costly layout, poor meth- 
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ods of materials handling, or any other phase of plant managwp«»pt , 
No easy solution to these problems can be prescribed, but continuous 
study and research will be .necessary. 

Management usually emphasizes cost reduction during periods of re- 
cession when sales and profits are declining . 2 Attention may first be di- 
rected to activities or services that do not directly contribute to a reduc- 
tion of costs or an increase in sales, such as long-distance telephone 
calls, travel, entertainment expenses, and gifts to employees and others 
on special occasions. Some types of executive development programs 
may be curtailed . 8 Even though the savings from the elimination of 
some services or expenses is not large, the top executives may attempt 
to control costs in this manner because the psychological effect upon 
people throughout the organization may effect other reductions. 

Management may also seek to reduce costs by eliminating some jobs 
or by comb in ing jobs to effect a reduction in personnel. In time of ris- 
ing prices and profits, positions may have been added which were con- 
sidered desirable at the time but which were later found not to be es- 
sential. Management may decide that certain positions in departments 
that perform facilitating or staff functions can be eliminated. The con- 
tribution that such positions make to profits cannot always be easily 
demonstrated. 

Another phase of costs that may receive attention pertains to paper 
work. Clerical work throughout all divisions of the organization has 
increased, partly because of the requirements of the government in con- 
nection with income taxes, social security, deductions from pay for bond 
purchases, and deductions for union dues. Detailed personnel records 
may be necessary to prove compliance with federal and state labor laws. 
The amount of paper work caused by such developments has resulted in 
the installation and use of tabulating equipment and other office ma- 
chines in many companies. 

Various staff activities also necessitate additional paper work. Ex- 
amples are production standards, cost records and cost reports, inven- 
tory control, the accident prevention program, employment procedures, 
job evaluation, and merit rating. Each such program should be exam- 
ined from time to time to determine whether it is worth its cost. Such 
an evaluation is not easy because the total cost can only be estimated, 
and the benefits may be diffused throughout the organization. 


•See Ernest Schleusener, "18 Ways to Pinch Pennies,” Factory Management and Main- 
tenance, Vol. CXVI, No. 6 (1958), pp. 11J-13. 

’Edward T. Thompson, "The Cost-Cutting Urge, Fortune, Vol. LXVII, No. 3 

( 1958 ), p. naff. 
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QUESTIONS 

1. Distinguish between cost, expense, expenditure, and disbursement. 

2. How is cost information related to managerial planning and control? 

3. How is cost related to selling prices ? 

4. How does mechanization or automation affect the various elements of cost? 

5. A company that makes metal containers installed machines for coating 
sheets with tin instead of buying sheets already coated at the steel mill. How will 
this change affect the costs of the container manufacturer and the steel company? 

6. A food-processing company that formerly 5 bought its cans installed ma- 
chines to make the cans it needed. The can-making department was organized 
under a separate manager, and its transfers of cans to the food-procesesin® de- 
partment were handled in the accounts as purchases and sales. The cans v^ere 
valued at the price that would have been paid the container manufacturer. How 
does this method of treatment assist the management of each department and me 
company as a whole ? 

7. How is the predetermined expense rate useful to the management? 

8. Should a company continue a product line that pays its direct cost and some- 
thing toward the overhead of the company? The line is carried at a loss when its 
share of the overhead is included in the cost. 

9. If the cost of materials is increased in the market, should the compahy 
charge the cost of materials on hand and bought at a lower price at cost or at 
present market prices? How would the selling price of the product be affected? 
Does selling price depend upon cost? 

10. Under what conditions would opportunity cost data be useful to the man- 
agement? 

11. How is standard cost related to the planning and control of production? 

12. Is the cost of the product an estimate, or is it a correct and accurate figure? 

CASES 

79. PLACE OF THE COST ANALYST IN THE ORGANIZATION 

The management of a metal and fiber container manufacturing company found 
that the, profit ratio was declining because of the increasing cost of materials. 
The controller obtained permission from the president for the employment of a 
cost accountant in his division, to be given the title of cost analyst* The duty of 
the cost analyst was to study cost ratios and point out to the foreman of any de- 
partment the reason for any cost that was out of line. It would then be the respon- 
sibility of the foreman to take appropriate action. 

The cost analyst found that, under instructions from foremen, workmen in the 
slitting department were using sheets of metal carrying a heavier coating of tin 
than was necessary for the manufacture of certain types of cans. For example, 
&eets that had been purchased for the manufacture of cans for peaches were used 
^making oil cans or paint cans. The cost was increased because the sheets carry- 
ing a heavier coating of tin cost more per square foot The waste in each sheet 
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was also increased because the sheets had been designed for the cutting of a differ- 
ent size can. 

The cost analyst reported his findings to the foreman of the slitting department 
for action. The foreman stated that he was under pressure from the plant superin- 
tendent to get out the work and that he had to use such material as was available. 
Furthermore, he politely informed the cost analyst that he took orders from no 
one other than his own superior officer, the plant superintendent. 

The cost analyst reported this situation to the controller and asked for further 
instructions. The controller was sure that the situation called for corrective action, 
but he could see no advantage in talking to the foreman himself. He decided to 
transmit the information to the president of the company for such action as the 
president might wish to take. 

Questions: 

1. What was wrong with the original plan for finding and eliminating exces- 
sive costs? 

2. Was the controller right in taking the matter to the president ? 

3. Might the situation have been handled by the controller and the plant su- 
perintendent? 

4. Did this situation indicate that the planning and purchasing programs 
should be revised ? 

80. EFFECT OF FLUCTUATING VOLUME OF PRODUCTION UPON COST 

The Greenway Printing Company, with a plant in Ohio, manufactures college 
textbooks for various publishing companies under contract. The publishing com- 
panies attempt to release new books during the spring months in order that they 
may be available to teachers before the end of the academic year. With this 
schedule, teachers may examine the new book before they begin their summer 
vacations. Some books are published in the autumn months for classes beginning 
in January or February. Because of the nature of the market, the printing com- 
pany has its peak period of production in the winter months and a somewhat less 
busy season in the autumn. During the months between the two peak seasons, 
some books are printed, but the machines are idle much of the time. 

When any contract for printing is completed, the accountant prepares a state- 
ment of the cost, which is submitted to plant executives and to top management. 
In March, he prepared such a statement showing the cost of a contract to be 
$7,560, while the customer was charged $11,300. The president commended the 
plant manager for holding down the costs. In August, the accountant prepared 
another statement showing that the cost of a printing contract was $6,450. On this 
contract, the customer was charged $5,100. The president was disturbed by this 
statement, and he called upon the plant manager for an explanation. The plant 
manager told the president that while the statement was correct, it was not alarm- 
ing because August was a slack month. The costs appeared to be high, he said, 
because the presses had been idle 60 per cent of the time. The few contracts 
completed in July and August had to bear a high amount of overhead He added 
that M we have to offset the loss on contracts in summer against the profit on.other 
contracts in the winter and autumn.” 
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Hie president asked : "Of what value are our cost statements if we are required 
to offset the profit on one contract against the losses on others? Gin you make 
up your cost statements in any other way?" 

The accountant replied: "Yes, we could compute an average rate of overhead 
expense as a percentage of labor costs and spread the overhead more evenly 
throughout the year. The effect of this method would be to charge more over- 
head during the busy months and less on contracts completed during the off 
seasons. The percentage of profit on a contract at one time of the year should 
then be about die same as the profit completed at another season.” 

The president commented : "A change in the method of computing costs might 
be helpful. What would be the effect of such i'tiiange upon the profits fjor the 
year?” I 

The accountant said: "The profits for the year would be just the same ai they 
are by the present method of allocating overhead. What we really need is some 
printing contracts to keep the presses busy during the off season. If we could 
keep the presses busy on other contracts, we could make a profit on those contracts 
and reduce the overhead now being charged on such contracts as we get during 
the off season. Perhaps we might get more business for the off season by offering 
lower contract prices to our present customers.” 

The president replied: "Suppose you talk to Bill Watson, our sales director, 
and get his ideas. If you can make any concrete proposals, report back to me.” 

Questions: 

1. Were the statements properly prepared? 

2. What should the company do to correct the situation? 



CHAPTER 


39 General 
Planning 
and Control 


IN preceding chapters, various phases of production man- 
agement have been considered, largely from the point of view of the 
individual department. The problems considered have included organ- 
izational relationships, physical facilities for production, the product 
line, production standards, wages and incentives, personnel relation- 
ships, and financial controls. Remaining for discussion are certain gen- 
eral problems of planning and control of production which relate to 
the enterprise as a whole. 

THE OBJECTIVES OF THE ENTERPRISE 

Planning and control of the activities of an enterprise can be effec- 
tively accomplished only after the objectives have been determined. 
The planning is designed to unify the efforts of people in the organiza- 
tion and to direct them toward the accomplishment of the objectives. 
A company would usually have several objectives, some of which would 
be private or business objectives and others would be social or public. 

Social Objectives. In a system of private enterprise, the government 
permits a business to produce and sell products and services, to deter- 
mine the selling prices— -provided the management does not monopolize 
or conspire to restrain trade, and to make a profit— if costs and expenses 
are kept sufficiently low to permit a profit. Private businesses are also 
expected to produce the goods and services required by the government 
for national defense and for ordinary government activities. Because 
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people do not live solely for the satisfaction of their material needs, 
- businesses are expected not only to produce sufficient goods and services 
for consumers but also to provide the requirements of leisure time and 
retirement, to permit longer vacations, and to provide the things neces- 
sary to self-improvement. The management of a private enterprise can- 
not afford to neglect the public and social objectives of production, al- 
though some companies may produce and sell goods that are physically 
or morally harmful to the persons who use them. In a system of private 
enterprise, considerable freedom remain^ jo the manager even though 
much restrictive legislation has been enacted. 1 

Adaptation to Change. An economic and social system must be able 
to make improvements in technology and to adapt organization and 
business methods to the changes. Technical and political developments 
at home and abroad require changes in methods of organization, manu- 
facturing processes, machines, plant layout, methods of training and 
development of management personnel and employees, sources of raw 
materials, and other phases of management. In a system of private en- 
terprise, the government and the public depend upon business manage- 
ments to make much of the adjustment. If the adjustment is not made 
or if it is made too slowly, the economy may enter into a period of de- 
cline. Business managements, with a certain amount of encouragement 
and assistance from the government, perform an important function in 
adapting to change. 

The Profit Objective. The necessity for making a profit is generally 
recognized by labor and the public as well as by management. Business 
enterprises obtain the capital from the initial investment of the owners 
and by borrowing. They are expected to earn a return on the invest- 
ment, and usually the stockholders expect dividends to be paid on the 
stock. The payment of dividends is not only an obligation incurred by 
prior issues of stock but also a requirement for future issues at satis- 
factory prices. The earning of a fair rate of profit requires attention 
to all phases of costs and expenses, including selling and administrative 
expanses. The management must also be concerned with the volume of 
production and sales and with selling prices. 

Usually a business does not attempt to earn the maximum rate of 
profit on the investment, but it is satisfied to earn a fair rate. The mean- 
ing of fair rate is not easily determined. However, a fair rate of return 
on the investment of the owners would probably exceed the interest rate 
on bonds o; bank loans. 

- A reason that the management might not attempt to earn the maxi- 
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mum rate on stockholder investments is that the management of a cor- 
poration is usually separated from ownership. The directors of the,, 
corporation are elected by die stockholders, and the directors elect the 
chief executive and the heads of the major divisions. In many cases, the 
stockholders are quite numerous, live in various parts of the country, 
and do not have close and continuous contact with the affairs of the 
corporation. Profits and dividends may therefore constitute only one of 
several objectives of the management. 

Obligations to Other Groups. A reason for the lack of complete 
emphasis upon stockholder interests by corporate managements is that 
good relations must be maintained with various other groups. If the 
management attempts to squeeze the last dollar from employees, it 
will be unable to hire the competent workers that it needs, and workers 
will become undependable and un-co-operative. The management is 
also required to maintain good relations with labor unions if it is to 
avoid labor strife, slowdowns, and interruptions to production. People 
in the management group are also human, and they must be kept inter- 
ested and properly motivated. 

Other groups with whom management must maintain good relations 
include commercial bankers, investment bankers, investment counselors, 
vendors who supply materials and parts, marketing agencies, ultimate 
consumers of the product, the general public, and agencies of the gov- 
ernment. The development of good relations with these groups re- 
quires attention to profits and the budget, prices and quality of the 
product, the prompt payment of financial obligations, support for re- 
search programs of the government, waste disposal and other aspects of 
good citizenship in the community, and various aspects of public rela- 
tions. Many company policies and practices will be affected by the need 
for good relationships to outside groups. 

Establishing Company Objectives. In many companies, the manage- 
ment has not definitely established the objectives of the enterprise. It 
may have decided that good relationships should be maintained with 
stockholders and others without defining such terms as fair rate of 
profit and dividends, a fair price for the product, the quality of the 
product required by consumers, and fair and equitable treatment of 
employees. No difficulty may be encountered during periods of pros- 
perity because sales and earnings enable the company to earn a satis- 
factory rate of profit on a large volume of production and sales while 
it pays good wages and maintains a stable amount of employment The 
difficulties cumulate when the demand for the product declines and re- 
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(factions in the volume o£ production and employment become neces- 
sary. In most cases die management will modify its program and change 
its policies to meet the necessities of the situation. 

DIFFICULTIES OF ACCOMPLISHING COMPANY OBJECTIVES 

In die accomplishment of company objectives, attention is directed 
to a great many problems which have been discussed in preceding 
chapters. Such problems lie in all of the ^ functional activities of the 
enterprise and in all departments. Each level of the organization jfrom 
executives to workers presents its problems and its difficulties. In the 
present chapter, attention will be given to some questions which nave 
not been adequately discussed elsewhere. Because executives are some- 
what removed from the work level and because their work conskts 
largely of dealing with people, their problems of accomplishing com- 
pany and social executives fall principally in the area of human rela- 
tions. 

Overemphasis on Profit. If profit is regarded as the sole objective 
or even the principal objective of the business, the management will fsf.il 
to achieve certain of the social objectives and may also fall short of the 
profit objective. An overemphasis on profit may result in a curtailment 
of services to customers, the elimination of varieties of the product that 
do not pay their way, and a type of competition that is sometimes desig- 
nated as "ruthless” or "cutthroat.” If the volume of sales falls off in 
some seasons or periods of recession, an overemphasis on profit might 
. cause the company to lay off production-line employees, to curtail its 
program of research, or to dismiss staff personnel who do not make a 
direct and immediate contribution to profit. Another activity that might 
be curtailed is public relations work that tends to build up the good will 
of die company and to strengthen its position in the industry. In its 
handling of many business activities, the management should consider, 
both the service to the public and the long-run effect upon profits. The 
emphasis upon profit as distinguished from personnel or public service 
depends upon decisions made by top management. ' 

Attitude of Specialists. In the absence of effective controls by top 
management, an influence within the organization that may prevent a 
complete realization of company objectives is the tendency of specialists 
to look at problems from the limited point of view of their own work 
indtecoaqutoy. For example, the time-study man may insist upon die 
sediag of work standards lor the various tasks regardless of the effect 
tqim rclalioo of the company to its employees and to the union. He 
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knows that his procedures are correct, and he thinks that every one 
should conform to the standards set. The engineer sees the need to re-, 
place obsolete equipment with new machines that are more efficient 
even though the replacement might cause workers to be laid off or the 
cash budget to become unbalanced. The controller may want to reduce 
expenses in various departments regardless of the effect upon people or 
the program of the company. Other specialists also tend to look at 
problems from a limited rather than a company-wide point of view. 

Empire Building. A different problem may arise as a result of the 
efforts of people to enlarge the work of their own departments by em- 
ploying more people, spending more money for expenses, or otherwise 
adding to the prestige of their departments. Objections may also be 
made to proposals to curtail the activities of a department. The advo- 
cacy of expansion or the objection to curtailment of activities cannot 
easily be shown to be unwise because the results of any one activity are 
not separate from the work of the company as a whole. Furthermore, 
the top management may hesitate to put changes into effect that are not 
approved by the department that is most affected by them. As a result, 
some activities that do not fully pay their way may be instituted and 
continued after they have ceased to be profitable. 

The Play-Safe Attitude. The company may also fail to accomplish 
its objectives fully because people at various levels in the organization 
hesitate to make decisions or to develop new programs because they 
fear they will make a mistake. In a large organization, a person may 
believe that security in his position requires that he conform to the 
policies, regulations, and procedures of the company. If he is not clear 
concerning the policy or the rule that applies in a given situation, he 
refers the problem to a higher level in the chain of command. As a re- 
sult, decisions are delayed, opportunities may be lost, and the objectives 
of the enterprise are neglected. 

The top executives may also fail to show initiative in adjusting pro- 
grams to changed economic conditions. They may take the attitude that 
security in their positions is gained by playing safe, avoiding the risk of 
launching new and possibly unprofitable undertakings, and conserving 
fte resources of the company. This attitude is sometimes called "the 
maginot-line attitude." 

The conservative attitude does not characterize many corporate man- 
agements. Evidence of a progressive attitude is found in the fact that 
the entire economic system has been changing rapidly with the develop- 
ment of new products, new materials, new machines, new manufactur- 
ing methods, and other innovations. Many large corporations continue 
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to gzow in die dollar value of assets, in dollar value of sales, in numbers 
of plants, in extent of market area covered, and in profits. Large num- 
bers of new enterprises continue to be organized each year. 

The effort to play safe is most likely to characterize a management 
that is nearing retirement because the available time may be insufficient 
to develop and complete new programs. If a corporation has a succes- 
sion of presidents who are nearing retirement when they are promoted 
to the position of chief executive, the management may permit the 
organization to drift and the company may. lose its position of leader- 
ship in the industry. t 

Bureaucracy. In government the attitude of playing it safe\and 
avoiding risks is usually described as bureaucracy. In its proper sense, 
bureaucracy means government by bureaus, and a bureau is defineq as 
an agency of government whose officers are appointed rather than 
elected. The bureaucrat is a career executive. Bureaucracy as a form 
of government may be contrasted with democracy, monarchy, aristoc- 
racy, and other forms. 

Although bureaucracy may be a desirable form of government, the 
term has become associated with certain undesirable tendencies in large 
organizations whether in government or private enterprise. The large 
size of an organization requires that a scalar chain of several levels be 
established and that much of the work of directing day-to-day activities 
be assigned to junior executives and subordinates at the lower levels. 
The top executives must concern themselves with general problems, 
such as the development of proper relationships with institutions and 
persons outside the company, the formulation of general plans and 
programs, financial planning and control, meeting emergency problems 
as they arise, and the adaptation of company programs to changes out- 
side and inside the company. 

The people at the lower levels in the organization are necessarily 
guided by instructions communicated to them from top levels. Such 
instructions include policies, rules, regulations, position descriptions, 
indoctrination at the time of appointment and later, executive orders 
and commands, oral communications, and project assignments. While 
Written and oral communications serve a useful purpose in directing 
and co-ordinating activities, they restrict the freedom of activity of per- 
sons throughout the organization and limit them in the right to make 
decisions. No matter how detailed and specific the instructions to a 
junior executive may be made, they cannot anticipate all difficulties that 
Will arise. In fact, a specific and detailed set of rales and regulations 
may serve only to limit the independence of persons at the lower levels. 
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In a large organization in which the members have voluntarily be* 
come associated, recruits can always be procured from the outside. Re- 
placements can be provided, by promotions or transfers from other de- 
partments. An executive may therefore feel insecure. When he is con- 
fronted with a difficult problem, he may attempt to pass it up the line 
to a superior or sidewise to an associate. This situation gives rise to 
the two related evils of "layering,” and "passing the buck.” Conformity 
to rules, regulations, and procedures is required of persons in the inter- 
ests of efficiency, but in specific instances conformity may lead to in- 
efficiency. 

m Personal Objectives. Another difficulty of getting work done 
through other people arises because both employees and management 
personnel permit their personal objectives to interfere with the perform- 
ance of their duties. It will be recalled that Frederick W. Taylor first 
become interested in the study and experimentation of management 
methods because workers were not doing as much work as they should. 
Taylor attempted to improve performance by establishing work stand- 
ards, improving conditions of work, and instituting a piece rate as an 
incentive for better work. Workers may permit their personal objectives 
to interfere with effective performance in many other ways, such as 
tardiness, absenteeism, failure to maintain quality, and neglect of the 
care of the machine. Management has devised many ways of dealing 
with these problems. Some of the techniques for gaining better co- 
operation have been described in preceding pages. 

Although foremen are expected to take the point of view of the 
company and to seek to accomplish objectives, they may also permit 
their personal objectives to interfere. Since they are "caught in the 
middle" between the workers and their supervisors, they may attempt to 
avoid difficulties and misunderstandings at the sacrifice of the main 
Objectives. To develop better relationships with workers, they may 
attempt to avoid setting standards too high, to see that work is kept 
moving, and to reduce friction between workers. To satisfy the manage- 
ment, the foreman may try to help workers meet production standards, 
to keep waste and scrap within the limits expected, and to see that un- 
favorable reports are not transmitted from his department to middle 
management. The accomplishment of company objectives does not 
necessarily rank first in the foreman s thinking. 

The executives of the middle and higher levels of management also 
have their personal problems which may interfere with the accomplish- 
ment of company objectives. Personal problems and objectives of mid- 
dle management include the desire for coffee breaks, social activities of 
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the individual and his family, vacations, pleasure trips, and various 
Other personal interests. If an executive has social obligations that inter- 
fere with his business activities, he may attend to his personal affairs 
first with the idea that his business affairs can wait. 

The difficulties arising from such human relations problems as em- 
pire building, the play-it-safe attitude, and personal objectives caused 
Henri Fayol to state that an enterprise reaches a limit in its growth and 
ultimately becomes unable to compete effectively. The difficulties are not 
insuperable, however, and many of the largest corporations in the Upited 
States are known to be more efficient than* many smaller ones, iarge 
size brings economies in the handling of the technical phases oft thp 
work, provided the people in the organization can be properly moti- 
vated and their work can be efficiently supervised and co-ordinatea 

METHODS OF CO-ORDINATION AND CONTROL 

Many methods and techniques are available to the top management 
of a corporation for obtaining effective performance throughout the 
organization. Most of the methods have been discussed in the preced- 
ing chapters. They include a wide span of control to reduce the nuih- 
ber of horizontal levels in the organization, the decentralization of 
authority to make decisions, the adoption of a statement of objectives 
and policies for the guidance of the lower levels of the management, 
the development of a budget which serves as a financial plan, and the 
use of cost control methods. Some other methods of controlling per- 
formance are considered in the present chapter. 

Divisional Profit and Loss Statement. A monthly, quarterly, or 
annual profit and loss statement may be prepared for each operating 
division. Such statements can be prepared if the company is organized 
by product lines, operating divisions, or territories with the head of 
each division made responsible for the production and sale of a line 
of products. In merchandising businesses, such as-chain stores or mail- 
order houses, operating data for each branch or each territory may he 
separately reported. Such data include sales, cost of goods sold, and 
operating expenses. Some general expenses that are incurred for the 
benefit of the entire organization, such as the expenses of departments 
performing staff functions, would be allocated to the operating divi- 
sions on un equitable basis. The smaller the unit for which the state- 
ments, are prepared die more effective they become. The statements 
should be prepared soon after the dose of the period to which the data. 
*«\ ; relatdt and . the statements should be reviewed and dtscuasei 
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promptly after they are received. The early preparation of statements 
is now made possible by the use of machines that tabulate, classify, and 
summarize the basic data. . 

Cost Information. The various kinds of cost systems and the infor- 
mation they convey have been discussed in the preceding chapter. The 
most useful data are the standard costs, which may be compared with 
the actual cost. If the executive knows the proper cost of materials, 
labor, and expenses for one unit of product or for each 1,000 units of 
product and then can know the actual cost, he can know which costs 
are too high, in what departments the excess costs were incurred, and 
who may be asked for an explanation. As previously explained, the 
standard cost data may show the quantities of each class of materials, 
the unit cost, the number of hours of labor, and the labor cost in each 
department. The estimate of the manufacturing expense per unit 
should be based upon a normal rate of production in order that costs 
may not be affected by seasonal or cyclical variations in production 
which are beyond the control of the foremen or junior executives whose 
performance management is attempting to evaluate. 

The value of cost information for management purposes depends 
largely upon timeliness. If the information is available soon after the 
work has been processed in a department or the production order has 
been completed, the management may be able to take effective correc- 
tive action. Later, every one who is concerned with the cost data may be 
inclined to think that the information is not necessarily representative 
of conditions now prevailing. With present-day computing machines, 
the information can be made available without delay. 

Use of Statistical Data. Some companies find that the number of 
units of the product manufactured and sold can be used as a measure 
of the success of the company. The data should be compared with the 
number of units sold by the entire industry, and allowance should be 
made for seasonal and cyclical fluctuations. If each division makes and 
sells a product in a different price range, the comparison with data for 
the industry should be made on the basis of information as to price 
ranges because an increase or decrease in the sales of any one division 
may be caused by shifts in the preferances of customers. 

The data for the units sold should be classified by territories not only 
because the success of territorial managers may be judged by the sales 
trend in different territories but also because plans for the future pro- 
duction, advertising, and sales efforts may be made more effectively. 
Hie data may also indicate the number of units in the bands of dealers, 
increase in dealers’ stocks may indicate a need for revising the pro- 
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election schedules for ensuing months. A decrease in the unit sales of 
an area might indicate the need for more effective sales efforts, a slump 
in the industrial activity in the area, or an impending recession which 
may extend to other territories or industries. In using such data, allow- 
ance should be made for economic and financial conditions which are 
beyond the control of any executive within the company. However, the 
executive who is removed from the operating level because of his posi- 
tion in the scalar chain may use such statistics as one measure of the 
success of the company as a whole. . / 

Measuring the Effectiveness of Staff. The departments that render 
a service or that advise with the line do not make and sell a product and 
therefore cannot be judged by the usual standards. Although the work 
of the staff should result in reduced cost, increased sales, or better 
service, the management may have difficulty in determining whether 
staff service is effective. 

Many series of statistical data can be used as measures of the success 
of staff departments, and some of them have been mentioned in pre- 
ceding chapters. The success of the research division, for example, is 
measured in part by the number of new products developed, the sales 
and profit made on each new product, the total sales of products de- 
veloped during the last five years as a percentage of the total sales of 
the company, and the total research expenditures as a percentage of the 
total sales. The efficiency of the maintenance department may be 
measured by the amount of downtime of machines, the number and 
cost of emergency repairs, the results of work sampling studies of 
maintenance crews, the total maintenance cost, and other such data. 
The work of accident prevention is measured by the accident severity 
rate and the accident frequency rate. The work of the employment sec- 
tion is judged by the number of new employees who remain with the 
company for a stated period of time, the number who are dropped dur- 
ing the usual probationary period, the amount of time spent in inter- 
viewing people, the average time of the interviewfand the average cost 
of hiring a new employee. Other data that may be used in judging the$ 
success of the personnel program include absenteeism, tardiness, they* 
accident rate for new employees, the separation rate, the time required • 
i&t a new employee to reach the usual production standards, the num- 
ber of complaints and grievances, the amount of scrap and waste, and 
the number and duration of slowdowns and work stoppages. These 
series of data are intended merely to suggest some of the possibilities. 
Each company wili compile such statistical data as it considers useful, 
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and it will use the data in such way as seems appropriate under the 
circumstances. 

In a large organization, an improvement in any phase of manage- 
ment seldom results from the work of one person acting on his own 
authority. For example, a reduction in the accident frequency rate 
might be due to the work of staff personnel, foremen, and workers. 
The management should therefore give credit to each person who 
might have contributed in any way to the results. 

Profit-Sharing and Bonus Plans. As a positive incentive, profit- 
sharing and bonus plans are sometimes found to be effective. Profit- 
sharing plans for employees may provide for monthly, quarterly, or 
annual distributions of cash or stock in the company. Some companies 
add a part of the balance available under the plan to the fund that is 
available for retirement payments. Aside from the accounting difficult- 
ies, the principal objections to profit sharing are that payments are made 
at infrequent intervals, that the amount of a person’s share is not closely 
related to his own effort, and that profits are greatly affected by pro- 
grams and policies developed by executives rather than by the workers. 
Conditions outside the company also have an important effect upon the 
profits. 

A better argument can be made for executive retirement and bonus 
plans. The fact that payments are not made at frequent intervals is not 
an objection because the results of the work of executives may not be 
immediately reflected in profits. The causal relationship between the 
work of the executive and the amount of profits may be close because 
the executive helps to shape the program of the company. The executive 
directs such activities as research, plant expansion, budgeting, and re- 
porting. Furthermore, a mistake at the executive level could be costly 

to the company. . 

Because of income taxes, many executives receive a bonus that is paid 

in stock or in warrants to buy stock at a price below the prevailing 
market price. If the stock is held for a period of six months or more, 
j the executive can report any profit on the sale as capital gain rather 
^than as ordinary income. Most corporations now examine each pro- 
posed transaction for its effect upon taxes before a decision is made. 

Executives seem to need pension and bonus plans as an inducement 
to apply themselves to their work and to provide the company with 
good management. They may desire the financial benefits, or they may 
value the prestige and social status that such payments give them. 
Executiv es are motivated by both financial and nonfinanrial incentives 
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just as other people are motivated. The effect of incentives is not easily 
measured. 

Effective Employment of the Work Force. The accomplishment of 
the social objective of maximum production of goods and services 
would require that all groups of workers be employed at the kind of 
work for which they are best suited. When any worker is required to 
use his time and effort in a job that does not make the best use of his 
education, experience, and skill, the efficiency of the economy is lowered 
and production is lessened. Despite legislation which attempts tq pre- 
vent discrimination, many persons are denied the opportunity to prac- 
tice certain trades or to enter certain types of employment. Some\jobs 
are regarded as Negro men’s jobs, others as Negro women’s jobs, and 
others as white women’s jobs. The wage scales vary according to \the 
nature of the employment. The discrimination against certain groups 
of workers usually comes from the employees rather than the employer. 
The argument is advanced that the trade or craft would become crowded 
if all barriers were removed. Workers also fear that persons not ac- 
customed to the prevailing high rates of pay on certain jobs would be 
willing to work for lower wages and that the wages of all workers qn 
die job would be affected. However, all workers should have the right 
to work, and industry should have the benefit of their efforts and skill. 

The government encourages industry to employ persons who have 
certain physical limitations, such as the loss of a hand or foot or the lack 
of vision in one eye. People who have these and other physical limita- 
tions are usually called handicapped people. The name is unfortunate 
because they may be fully capable of doing certain types of work. An 
employer may hesitate to hire such people because they may be unable 
to transfer to other types of work in an emergency. Some employers 
fear that the limitations of such workers may increase accidents and 
give rise to claims under the workmen’s compensation laws. 

Older persons constitute another group whose services are not always 
fully utilized. Some companies base retirement upon age and others 
base it upon years of service. Some people are retired when they want 
to work and are able to continue working. After retirement, a person 
may be transferred to a position that is less demanding. Some retired 
persons find employment in another organization. A difficulty with the 
continued employment of older people is that their mental and physical 
capacities may gradually decline and their retirement then becomes 
more difficult for the management. The government discourages die 
employment of older people through social security and tax regulations.^ 
A person who continues working after the age of 65 is unable to collect^ 
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social security payments, and he is taxed on the income earned. He also 
continues to be taxed for social security. The legislation pertaining to 
income and social security taxes was enacted in a depression period for 
the purpose of reducing the number of persons competing for jobs. 

Work Stoppages. The social objective of increasing the standard of 
living through the production of goods and services is partially de- 
feated by work stoppages, strikes, and lockouts. The time of the entire 
organization and the physical facilities is lost, in some cases for an 
extended period. Because unions are organized on a nation-wide scale, 
an industry that is vital to the economy may discontinue production for 
weeks or months. The legislation now on the statute books affords 
some protection through an enforced delay of the strike for a few 
weeks, but it does not provide a solution. Although some workers on 
strike may find other employment if the strike lasts many weeks, the 
pay is usually less than the pay on their regular jobs, and their work is 
less productive. 

Strikes cause other costs for the employer and indirectly for the 
public. The possibility of a strike prevents the employer from making 
firm commitments for purchases and deliveries to customers. Unneces- 
sary costs are incurred in the stocking of materials in anticipation of a 
strike, and production may be suspended for lack of materials. Al- 
though some of the losses may later be recouped by the strike-bound 
company, the national losses may not be recovered. Ultimately a way 
will probably be found to eliminate industrial strife and to prevent the 
losses caused by such work stoppages. Strikes by employees of public 
utilities are now illegal under the laws of some states. Employees of 
the federal government are not permitted to go on strike. 

Strikes and slowdowns indicate that the corporation is not an entity 
insofar as the people are concerned because the organization is divided 
against itself. The employees do not feel that they really belong to the 
corporate organization. The management would like to believe that 
when a strike is called one part of the organization arrays itself against 
another part. This division constitutes a very serious weakness of the 
system of private enterprise. 

Unemployment. The involuntary unemployment of workers causes 
a further waste of human and economic resources. Some unemploy- 
ment is caused by seasonal fluctuations in the volume of production. 
Seasonal unemployment in some industries can be reduced by careful 
planning of production by the management. Goods may be produced 
. in the dull season for sale in the busy season. Customers may be in- 
laduced to accept delivery in advance of the beginning of a season. Ad- 
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vance dating of invoices and the offering of large discounts during the 
dull season may also increase sales in the off season. Still other methods 
are possible for some industries. 

Some unemployment is caused by cyclical fluctuations in production, 
and much of this unemployment defies control by the individual manu- 
facturer. Corrective measures will depend largely upon the government. 
Much has already been done through the long-range planning of gov- 
ernment construction projects, the stabilization of consumer purchasing 
power as a result of social security and othpr payments to older persons 
and the unemployed, and expenditures for national defense. These 
measures are sometimes called “built-in stabilizers.” \ 

Unemployment may be attributed to a variety of other causes. Some 
people are temporarily unemployed because they are changing fromWe 
job to another or are moving from one place to another. Some of the 
unemployed have been laid off because an industry or an area is de- 
clining in importance. Some people are on vacation and some do not 
want w£|f all of the time. Some are unemployable or can obtain work 
only wheri the need for workers is great. Some have been discharged 
for one of several reasons and have not been able to find employment 
elsewhere. While unemployment causes economic and social losses, the 
reasons for the unemployment may be found in unavoidable causes 
that relate to the economic system, the workers themselves, or. changes 
in technology. 


MANAGEMENT AS A SCIENCE 

As explained in Chapter 1, the phrase "scientific management" origi- 
nated with the people who had become interested in management after 
Taylor began his studies at the Midvale Steel Company in 1880. The 
name became associated with the new methods and the new spirit of . 
management when Taylor published a book by this name in 1911. At ■:.£ 
that dime, the Taylor methods were generally accepted as models for 
others to follow. In time, however, many people began to question 
some of the statements Taylor had made and some of the methods he " 
had followed. Consequently, "scientific management” dropped into 
disuse as a name for current methods and practices. The question may 
therefore be raised whether management can properly be regarded, 
as a science. 

Management as a Body of Principles. The persons who conducted 
die early studies in management hoped that principles could be eStab- ... 
Ushed that would be of general application. They hoped, that ttlt fe^f 
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mateiy the principles would encompass all of the work of management. 
However, this objective was not accomplished because so much depends 
upon the manager, his attitude toward the worker, and his ability to 
gain worker co-operation. A technique or a method that can be success- 
fully used by one person may prove to be impractical when it is used 
by another under different circumstances. Moreover, management meth- 
ods and techniques should be changed to conform to developments in 
• technology, changes in the composition of the work force, the higher 
educational levels of the workers, changes in the national and inter- 
national situation, and other developments. However, the principles 
of all sciences are subject to new interpretations and modifications as 
new discoveries are made. The necessity for change does not invalidate 
the claim that management is a science. 

Continuous Research as an Attribute of Science. Science is char- 
'acterized by investigation and research in an effort to discover new prin- 
ciples or new applications of established principles. The fact that 
Taylor Conducted a number of research studies partly explainjfRis will- 
ingness to accept the name of scientific management as the name of 
the new system. He contended that his studies had established a science 
of shoveling and a science of handling pig iron. He thought that other 
types of work could be developed in the same way. Gilbreth attempted 
to find "the one best way,” first in bricklaying and later in other types 
of work. He also attempted to find the proper intervals for rest periods, 
the best way for the worker to spend his time during rest periods, and 
the best way to overcome the effects of necessary fatigue. He experi- 
mented with types of chairs, the proper kind of clothing, and the prin- 
ciples of motion. The Hawthorne studies during the 1920’s and the 
1930’s also demonstrated the methods of doing research work in man- 
agement and the difficulties of interpreting the results. 

During the decade of the 1960’s and later years, management will 
r "be confronted with new situations for which previous experience will 
“ afford only a partial guide. New studies and new points of view will 
be required for working out new solutions and new methods. The steps 
y in such studies can be summarized as follows: first, define the problem 
and collect the pertinent facts as they exist; second, analyze the facts 
and identify the controlling factors; and third, apply constructive think- 
ing to arrive at a solution to the problem and the course of action to be 
. followed. 

Much of the research in the field of management has consisted of 
0 a review of the literature in the subject, the conducting of interviews, 
Seethe sending out of questionnaires to executives or managers, and the 
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collecting of statistics for the purpose of establishing a trend which pm 
be projected into the future. These methods continue to be valuable for 
determining facts and principles that have been successfully applied. 
However, these methods of conducting research cannot be expected 
to establish guiding principles that can be followed in a future' that is 
characterized by change. New studies must be made of particular situa- 
tions as they develop. 

Wfflingnms to Accept New Ideas. Although a scientist should hold 
to the established principles in his field of interest, he should also be 
willing to adapt his principles to new situations and to accept entirely 
new ideas. Upon occasion, the scientist should be willing to scrap 
cherished ideas that are found not to conform to the facts. Since man- 
agement is relatively new as a field of study, the accepted methods and 
techniques have resulted largely from experience. Research and con-\ 
trolled experimentation have been conducted only on a limited scale in 
a few areas of activity. Much work remains to be done before manage- 
ment cat* be developed into a science. 

SUCCESS OF MANAGEMENT IN ACCOMPLISHING f 
OBJECTIVES 

The objectives of management, as previously suggested, are both 
private and public or social. The private objectives pertain to the earn- 
ing of a profit for the owners while the needs of persons within the 
company are met. Private objectives include also the maintenance of 
satisfactory relations with outside institutions with which the company 
deals. The social objectives pertain to the production of goods and 
services for the public, including the government. The extent to which 
business enterprises have attained their objectives requires brief dis- 
cussion. 

Private Objectives. Any conclusion concerning the success of pri* « 
vate enterprise in meeting -the objectives of the owners and managers 
will depend upon the period of time to which reference is made. Dur- 
ing the decade of the 1930 ’s, many persons concluded that private enter- 
prise had failed to meet the needs of the owners and the persons in the 
organization of the company. This conclusion was based upon the 
number of failures and even bankruptcies of corporate enterprise, the 
foreclosures of mortgages, the lack of employment for foe people, arid 
foe general economic distress. The causes of foe Great Depression of 
foe WJO’s were foany, and although some managements were at fault^ 



©ENBM! WANNING AND CONTROL 7!07 

tfecy C8ji hardly be charged with the failures' and the losses th a t were- 
Sustained during that period. 

The ability of private managements to conduct business enterprises 
efficiently was demonstrated throughout the decade of the 1950’s. 
Corporations were able to pay the very high income, excess profits, and 
excise taxes during those years and to earn a satisfactory return for the 
stockholders. The adequacy of the income that was available to stock- 
holders is indicated by the substantial rise in stock prices and the ex- 
pansion Of Corporate assets which was made possible through the funds 
that were available from profits and the proceeds of the sale of new 
issues of stock and bonds. 

ftiblic Objectives. Except for some periods of depression, the most 
severe of which followed the crisis of 1929, the public objectives of 
production of goods and services, full employment, and the develop- 
ment of natural resources seem to have been satisfactorily accomplished. 
Private enterprise produced the goods and services to meet the require- 
ments of the government during World War II and the Korean War 
and at the same time adequately met the needs of the civilian popula- 
tion. Business managements have also been able to supply American 
friends and allies abroad with vast quantities of goods for military and 
civilian use and for reconstruction. Because managements maintain 
high productivity in factories, mines, and service facilities, the American 
worker receives higher real wages than workers anywhere else in the 
world. 

The managements of private enterprises in the United States deserve 
at least a part of the credit for the high standard of living of the Ameri- 
can people. As explained in Chapter 1, managements in the United 
States readily accepted the methods of machine production, the mass 
production of parts of standardized dimensions, assembly-line produc- 
tion, and other developments of a technical nature. They took the lead 
.tit studying production standards, the causes of fatigue and methods of 
deducing it, hours of work, and working conditions. While wasteful 
practices have been continued in many trades and industries, both man- 
agement and labor are entitled to much of the credit for such advances 
as have been made. 

Corporations in the United States have had the advantage of a wide 
territorial market which has been unhampered by tariff restrictions. The 
market has been fairly though not completely free of restraints upon 
: the free flow of trade and c o mm e r ce between the states. The wide 
has been able to absorb large quantities of goods, and business 
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enterprises have been able to attain large size as measured by the num- 
ber of plants, the number of employees, the volume of production, and 
die dollar amount of sales. Large size has enabled managements to 
introduce many economies in both production and sales. Large com- 
panies can provide good staff facilities for the rendering of services to 
die managements of the operating divisions. Business has thus achieved 
the advantages of large size, and the management has found ways to 
overcome or to reduce the waste that is often assumed to be associated 
with large size. < *• 

The antitrust laws have required American businesses to retain a 
measure of competition. Just how effective the antitrust laws have been 
cannot be definitely determined, but corporate mergers and expansion 
have not proceeded to the point of monopolizing a commodity or m 
industry except possibly in local markets. Although some examples of 
enforced divestiture of a factory or a division can be cited and a few 
corporations have been dissolved for violation of the law, the mere 
fact that such action can be taken by the government has usually pro- 
vided sufficient restraint. Corporate managements usually prefer to 
observe the antiturst laws and to have their competitors do likewise.; 
Competition between the companies in an industry provides an incentive 
for good management. 

Other Reasons for a High Standard of Living. The inference should 
not be drawn that management and labor should receive all of the 
credit for the relatively high standard of living in the United States. 
The nation was endowed with rich resources, including mineral deposits, 
forests, arable land, a long coast line with good harbors, and rivers and 
lakes which provided cheap methods of transportation, power, and 
water. Prior to World War I, the country was protected by the two 
oceans and the British navy, and the government was not required to 
spend large sums of money and manpower for military protection. The 
energies of the people could be used in the production of the things that, 
were needed by consumers of goods and services. 

Perhaps a reason for efficient management and high productivity in 
the United States may be found in the democratic tradition. The demo- 
cratic principles were forcefully enunciated in the Declaration of Inde- 
pendence, which may be briefly summarized as follows: 

■'•'All men are created equal. 

; 3$ey are widowed by their Creator with certain inalienable rights. 

Governments are established to protect the rights of the people. 

, HSpfetfmeats exist with the consent of the governed. 
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Each of these principles may be subject to certain qualifications or 
explanations. However, the distance that separated the colonies from 
the mother country, together with the Anglo-Saxon tradition of law 
and legal rights, required that tfie people have considerable freedom 
in the management of their local affairs. In each community, people 
concerned themselves with schools, roads, bridges, elections, courts, 
jury duty, and other affairs of government. The democratic processes 
were slow, but the people got things done. 

Although the democratic principle is not easily reconciled with the 
delegation of authority from the top to the lower levels of the scalar 
chain, it has affected many of the practices of management. The coun- 
try gained its independence through revolt against authority, and the 
people at present resent arbitrary action, discrimination, and autocratic 
methods. The democratic tradition has encouraged management to 
solicit suggestions from employees and persons in the management 
and to integrate the suggestions into a co-ordinated program. It has 
helped to increase the self-reliance of employees. It has encouraged 
the development of managers and executives. Although the precise 
effect of the democratic principle is difficult to assess, the effect has been 
significant. 

The United States has not developed a hereditary aristocracy with its 
assumption of superiority of one class above another. The absence of 
rigid class distinctions has facilitated the promotion of capable people 
from the ranks to supervisory and executive positions. It has caused sub- 
ordinates to accept the leadership of any person of demonstrated capa- 
city. This attribute has not always characterized business organizations 
in certain foreign countries. 

The future of the system of private enterprise depends in large meas- 
ure upon the success of management in meeting new situations and in 
accomplishing the business and social objectives. Developments will 
^require the adaptation of the organization and the programs of the 
^enterprise to change. 


QUESTIONS 

1. Contrast the maimer in which the economy is adapted to changing condi- 
tions in a system of private enterprise with the method of adaptation in a socialist 
country. 

2. Is profit properly regarded as the objective of an enterprise, or is profit the 
inceptive to good management? 

3- fiow could the overemphasis of profit defeat the objectives of manage- 
R^ent? Illustrate. ' 
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r 4. Is die responsibility of management due principally to the stockholders? 
Does management ever neglect this responsibility? 

5. Is management ever satisfied to earn a fair rate of profit on investment, or 
does it attempt to earn the maximum rate? 

<5. Why do persons performing a staff function in an enterprise sometimes 
neglect the objectives which top management regards as the principal objectives? 

. 7. Why might the chief executive of a company adopt a conservative attitude 

when he is nearing retirement? 

8. Why are the evils of bureaucracy sometimes associated with the officials of 

government? How can a private corporation avoid the evils associated with 
bureaucracy? f 

9. Is the budget principally a financial plan or a method of control? Explain. 

10. Does statistical data provide a complete method of keeping top manage- 
ment informed of conditions at the work level ? \ 

11. How can the management know that the personnel manager is performing 
his work effectively? 

12. Contrast the effectiveness of bonus plans for executives with the effective- 
ness of profit-sharing plans for employees. 

13. How is research conducted in the field of business management? 

14. What is the ultimate source of delegated authority in a business enterprise? 

15. How does the existence of the democratic tradition in this country affect 
the methods and policies of business management? 


CASE 

81. COMPANY ORGANIZATION AND POLICY 

The United Metal Products Company operates a foundry and five metal- 
working and finishing departments. The board of directors has a membership 
of twelve persons who are elected by the stockholders for terms of three years. 
Pour of the directors are elected each year . “j* 

The organisation chart of the company indicates that the president is thejjj 
chief executive officer. The president has an assistanfwho is shown on the chairt| 
in the same box as the president. These two persons are accustomed to talk , 
frankly with each other about their problems, although they do not talk freely J 
with any other persons in the company. Usually the president asks questions 
which the assistant answers on the basis of information gained by plant visits, 
personal observations, informal conferences, and written reports from the major 
executives and middle management Recently the following conversation was. 

: conducted at luncheon. 

What 'do you 
. of the sales program? 

Actant: The safe are 


think of the record that Wales is making as director 
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explanation seems to be that he handles the large contracts himself. He has just 
returned from Buffalo with a contract that will assure capacity operation for the 
next six months. 

President: That is good news, though I am afraid that our regular sales force 
may get discouraged when he gets so many big orders himself. How is my friend 
A1 Summers doing as a salesman? 

Assistant: He is recognized as an outstanding salesman. He has been able 
to get some good orders by assuring the customers an early delivery. When he 
gets an order, he sees that the customer gets priority in the scheduling of the 
work, and his orders receive first claim on any raw materials on hand. Of course, 
the production schedule clerk complains that schedules are disrupted and the 
purchasing agent claims that he is unable to plan his purchasing program. They 
all know that A1 was a member of the same fraternity as yourself in college, and 
they are not. sure how much interested in him you may be. The thing is, though, 
A1 gets the orders. I know that you have never granted him any special favors. 

President: I think that I ought to have a talk with AI. Is our production 
keeping up with sales orders? 

Assistant: Production and sales balance fairly well except for a few items. 
The production schedule manager plans the production to keep all departments 
equally busy. The sales division is having some difficulty now moving the 15,000 
flat irons that were scheduled for the plant. Last year you know we made 12,000 
irons which sales disposed of with considerable difficulty. This year the plant 
manager requested an increase of 25 per cent in order to keep the men busy and 
to avoid layoffs. Sales complained about the task of moving so many irons and 
they may not be able to sell all of them. 

President: I know the plant manager is principally concerned with low unit 
cost and the regularity of employment, but perhaps we make a mistake in permit- 
ting the production plan to be made by the people in production. Possibly the 
estimate of sales volume should be made by the sales division on the basis of what 
they think they can sell. Or possibly we should have a budget committee or a 
policy committee to work out the estimate. Anyway I am pleased to see the im- 
provement in the figure for labor turnover. 

Assistant: Yes, I think we could well make use of more committees. They 
could be used effectively for working out a lot of plans, and they could relieve us 
of the necessity for making so many decisions. However, the improvement in 
labor turnover can be credited largely to the new policies of the personnel man- 
lager. After your last talk with him about turnover, he decided to quit hiring 
J&h school and college students in the summer time because they regarded their 
-jobs as temporary. Now he has the interviewers make sure that no people are 
;bired unless t;hey want to come with us permanently. The interviewers ask each 
applicant why he wants to work for the company, and they attempt to determine 
frpm the answers whether the applicant is interested in a permanent job. Of 
course, we still get some students who claim to have dropped out of school, and 
later we find that they expect to go back to school in the fall. Some people accuse 
ps of being dollar minded and not community minded in this respect, but we 
aaadt afford to take on temporary workers. True, the work may decline Later 
and we may haw to let some people go, but we cannot always plan just how many 
People we will need. 
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President: That is true, though we do have a large permanent payroll. How 
do you think that group of young college graduates is making out? 

Assistant: They have adjusted in fine style. They all live in the Stanton 
Apartments, and they are good friends with each other. Personnel is moving 
them about the plant and they have been doing good work. They had some diffi- 
culty in the foundry because they did not like the dirty work, and the foreman 
was not sure but that one of them might be in line for his job. In some other de- 
partments, they were not received with open arms, and I hear some people refer 
to them as being on the Executive Special. There is certain to be some jealousy. 

President: Yes, I suppose so. I wish we could get everyone to look at such 
programs from the point of view of the company^ and not their narrow personal 
viewpoint. What can we do to get better human relations? I 

Assistant: You are doing now all that anyone could expect. You havextold 
everyone that your door is always open and that anyone can come to see you at 
any time. I know that not many employees accept your invitation to comeun, 
and I suppose that this means that they are satisfied with the way things are going, 
on the whole. 

President: What surprises me is the way they pick up little things and mag- 
nify them into significant developments. When I came here to lunch with Dr. 
Van Horn last week, some people seemed to think that I was talking atomic 
power with him. You know we have been good friends since college days, but I 
have not yet stopped telling people inside and outside the company that we are 
not getting into a new research project. What can I do to make people think that 
I do not work out programs in secret ? 

Assistant: Of course everyone knows that you have the responsibility for 
making decisions that affect their everyday lives. John Peters was all set up that 
you invited him to the board meeting to advise with the advertising budget. 

President: Strange to say, I did not invite him. He came to the meeting of 
the board of directors at the invitation of Mr. Crane, who hangs on as board 
chairman. I could have given them all of the information they needed to adopt 
the budget, but after Peters came, I had to let him talk. Well, let's get back to 
the office. 

Questions: 

1. What does this conversation indicate relative to the philosophy of the 
management and the methods used ? 

2. Comment on the soundness of the methods of the "management. 
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B 


Ability to pay, 404 
Accession rate, 502 
Accident frequency, 531 
Accident severity, 532 
Accidents 

allowance for, in time study, 383 
causes of, 585 
prevention of, 531 
Accumulative timing, 373 
Accuracy, standards of, 90 
Administration, 86 
Administrative expense budget, 666 
Adolphus, Gustavus, 53 
Advertising expense budget, 665 
Aggressive interview, 476 
Air 

cooling of, 263 
filtering of, 265 
heating of, 263 
movement of, 267 
Air-conditioning systems, 263 
Alexander the Great, 53 
Allied expansion, 39 
Allowances, in time study, 383 
American Management Association, 20 
American Society of Mechanical Engineers, 
20, 287 

American Standards Association, 551 
Analytical industry, 605 
Annual improvement factor, 405 
Annual wage, 417 
Applicants, source of, 471 
Application blank, 474 
Application, letter of, 474 
Applied research, 284 
^Apprentice training, 510 
Aptitude tests, 479 
Arbitration, of work standards, 389 
Arithmetic average, in time study, 379 
Assemblies, scheduling of, 610 
Assembly industry, 222 
Authority 
to act, 69 * 
centralized, 75 
delegation of, 35, 88 
kinds of, 69 

Autocracy, benevolent, 35 
Automation 
55 ,-^et of, 189, 273 
* yeaning of, 186 


Balance 
lack of, 75 
in layout, 214 
in organization, 75 
in work load, 74 
Balance of stores record, 566 
Bargaining, collective, 407 
Bargaining strength, 400 
Barth, Carl G., 16 
Basic research, 184 
Batches, division of work into, 615 
Bedaux plan, 425 
Behind-schedule report, 633 
Belonging, sense of, 124 
Benevolent autocracy, 35 
Bill of materials, 611 
Bin balance, 568 
Bin tag, 587 

Bins, arrangement of, 576 
Blocks, glass, 254 
Bloomfield, Meyer, 17 
Board of directors, 34 
Bonus, Christmas, 435 
Bonuses, for executives, 701 
Bow- type roof, 170 
Break-even point, 154, 189 
Brick building, 166 
Bricklaying, 13 
Broadcasting systems, 271 
Budget 

advantages of, 656 
cash, 666 

human problems of, 668 
maintenance, 663 
manufacturing, 662 
operation of, 659 
preparation of, 658 
research, 283 
Budget officer, 658 
Budget period, 657 
Budgeting 

organization for, 657 
purposes of, 655 

relation of, to management, 656, 659 
Building 

appearance of, 175 
construction of, 165 
maintenance of, 175 
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Building — Cons, 
multistory, 164 
relation to layout, 221 
relation to lighting, 253 
relation to operating costs, 159, 269 
renovation of, 176 
single-story, 164 
standard design of, 163 
Building costs, 144 
Building plan, 163 
Built-in safety, 172 
Built-in stabilizers, 704 
Bulletin board, in scheduling, 621 
Bureaucracy, 696 
Buyer's risk, 553 
By-products, 144 

C 

Cafeteria 

planning in, 599 
plant, 528 
Caliper, 330 
Cash budget, 666 
Catalogues, filing of, 557 
Centralized authority, 75 
Centralized planning, 603 
Chain of command, 70 
Change, adaption to, 26, 33, 36 
Charts, in inspection, 329 
Chemical composition, inspection of, 334 
Chiseler, 126 
Christmas bonus, 435 
Civic values, in plant location, 145 
Classification systems, 577 
Clerical aptitude test, 479 
Climate, in plant location, 145 
Cloth, manufacture of, 6 
Clubs, employee, 523 
Collective bargaining, 407 
Color 

in design, 301 
effects of, 258 
inspection for, 334 
of light, ?39 

relation of, in lighting, 253 
relation to safety, 259 
uses of, 259 
Color distinction, 334 
Commercial bribery, 550 
Commercial standards, 308 
Committees 
authority of, 71 
conditions for success of, 79 
7 kinds of, 78 * 

totiof, 79 ,.„V 
fjm&odit? theory of wa^cs, 399' 


Communication 
direction of, 105, 291 
effective, 123 
oral, 103 
written, 71 

Communication center, 71 
Company housing, 533 
Company stores, 528 
Company town, 150 
Company union, 24 
Comparator, in inspection, 333 
Complete budget, 655 
Conservatism of management, 695 
Consultants, 19 
Consumer complaints, 314 
Consumers' ideas, in design, 302 
Container, design of, 305 
Continuous manufacturing, 273, 597 
Continuous production, 222 
Continuous-run method, 372 
Control 

budgetary, 655 
cost, 102, 684 
in organization, 70 
in production planning, 595 
relation of inspection to, 323 
Control charts, 329 
Control group, 23 
Control points, 324 
Conventional control, 602 
Conversational interview, 475 
Cooke, Morris L., 17 
Co-operative store, 529 
Co-ordination, in organization, 62, 71, 76 
Correction factor, 381 
Cost 

differential, 682 
elements of, 674 
estimated, 385, 674 
historical, 674 
opportunity, 684 
process, 673 

relation of, to price, 673 
replacement, 684 
standard, 674, 682 
total, 684 

Cost information, 155, 672, 686 

Cost-of-living, 402 

Cost of materials handling, 194 

Cost reduction, 672 

Cost systems, 674 

Cost and time clerk, 58 

Cost of unemployment, 703 

Costs, control of, 666 

Counseling of employees, 532 

Credit unions, 525 

Creeping inflation, 42, 162 
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Criteria, wage, 401 
Cubical storing, 581 

D 

Daily run sheet, 646 
Daily runs, scheduling of, 646 
Data processing, 28 
Day rate 

advantages of, 4 14 
disadvantages of, 415 
measured, 416 
Decentralization 
in decision making, 75 
of production, 147 
Decentralized planning, 603 
Decentralized purchasing, 545 
Decentralized scheduling, 625 
Decision making, an executive function, 29, 
69 

Defective work, allowance for, 383 
Defects, correction of, 322 
Degrees, in job evaluation, 44 2 
Delays, allowance for, 383 
Delegation of authority, 35, 69, 88 
Deliveries, scheduling of, 549 
Democratic tradition, 708 
Demotion, 497 
Dennison, Henry S., 17, 18 
Depreciation, of machinery, 202 
Design 

of container, 305 
development of, 306 
lag of, 305 
phases of, 302 
problems of, 300 
of product, 299 
timing of changes in, 312 
Designs 

addition of, 313 
elimination of unprofitable, 315 
pressure for adding, 313 
Developmental research, 285 
Dexterity test, 479 
ifferential cost, 682 
iffusion of light, 251 
S Dimensions 
v r inspection for, 330 
standards of, 306 
variances in, 307 
Direct lighting, 255 
Directors, of a corporation, 34 
Discharge, of employees, 499 
Discipline, 499 

Dispatching, in production control, 629, 648 
Diversity of product, 313 
!V, Division of labor, 276 
VX ^ust removal, from air, 265 


E 

Earned authority, 69 
Education, of executives, 92 
Efficiency men, 21 
Efficiency wage, 430 
Effort rating, 381 
Electronic controls, 186 
Electronic data processing, 28 
Element times, 371, 379 
Elements of a task, 369 
Emerson efficiency wage, 430 
Emerson, Harrington, 17, 430 
Empire building, 694 
Employee relations, index of, 465 
Employees 
comfort of, 172 
counseling of, 532 
handbooks for, 463 
opinion surveys, 128 
publications for, 124 
selection of, 20, 474 
services for, 520 
training of, 20, 507 
Employment agencies, 472 
Employment department, 18 
Employment procedure, 4 74 
Engineering 

department of, 107, 137 
emphasis on, 22 
function, in design, 311 
human, 355 

Equipment; see Machinery 
Equipment budget, 663 
Estimated cost, 674 

Estimated financial statements, 153, 677 

Examination, physical, 482 

Exception principle, 88 

Exceptional observations, in time study, 379 

Executives 

development of, 93 
education of, 92 
point of view of, 87 
training of, 93 
work of, 85 
Expansion 
of plant, 173 
of product line, 313 
Expendable pallets, 200 
Expense 
applied, 679 
manufacturing, 676 
selling, 666 

Experimental group, 23 


Facilitating function, 62 
Factor comparison, 441 
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Factor In production, labor as, 40 
Factory float, 643 
Farming out; system of, 596 
Fatigue 

allowance for, 383 
relation of, to color, 258 
relation of, to monotony, 276 
Fatigue study, 276, 348 
Fayol, Henri, 26, 86 
Feedback, 186 
Feiss, Richard 17, 508 
Filing systems, 557 
Fidandal aids, to employees, 523 
Financial planning, 655 
Financial policy, 41 
Financial rewards, 413 
Financial standards, 90 
Financial statements 
estimated, 153, 667 
relation of, to plant location, 153 
Fire hazard, 167, 173 
First4n, first-out method, 568 
Flat organization, 34 
Flat roof, 169 
Flexibility 
in budgets, 657 
in layout, 220 
in policies, 32, 42 
Float, factory, 643 
Floor inspection, 329 
Floors, types of, 169 
Flow process chart, 224, 349 
Follow-up, in production control, 602, 643, 
648 

Foot-candle, 251 
Foremanship, functional, 58 
Foremen 

co-operation by, 52 
part of management, 105 
, rating of, 113 

recognition of worker by, 126 
relation to personnel department, 459 
relation to production control, 602 
relation to working conditions, 101 
training of, 108 
unions of, ill 
work of, 100 

Formal questioning interview, 475 
Fringe benefits, 533 
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Gang boss, 58 

Gantt, Henry L,, 10 

Gantt chart, 12, 241 

Gases, removal of, 265 

General lighting, 255 

General-purpose machines, 189 

General staff, 53 

Gifts, acceptance of, 550 

Gilbreth, Frank B., 13, 34 4, 347, 350 

Gilbreth, Lillian M., 13, 344, 347 

Glare, 251 

Glass blocks, 234 

Grading interview, 475 

Grievance* 459 

Group hospitalization, 521 

Group life insurance, 522 

Group piece rates, 425 

Guaranteed annual wage, 417 

H 

Halsey plan, 420 
Hand-to-mouth buying, 554 
Hardwood floors, 169 
Hathaway, H. K., 17 
Hawthorne experiments, 23 
Heating systems, 263 
Highway, location on, 140 
Historical costs, 674 
Hobbing machine, 183 
Hopkins, Ernest M., 17 
Horizontal co-ordination, 78, 291 
Horizontal expansion, 39 
Hoxie, Robert F., 18 
Human engineering, 355 
Human relations, 87, 110, 128 
Humidity, 264 

I 

Idle time, 12 
Improvement factor, 405 
Incandescent lighting, 256 
Incentive wage systems, 429 
Indirect lighting, 255 
Induction, to the~job, 483 
Industrial district, 149 
Industrial park, 149 
Industrial relations, 407 * 

Industrial standards, 308 
Inflation 

effect of, 42, 203 
problem of, 42, 162 
Insecurity, of workers, 122 
Inside sources* of applicants, 471 
Inspection 
of equipment, 236 
management of, 335 
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Inspection— Cont. 
methods of, 330 
purposes of, 59, 322 
sampling, 27, 327 - 

Inspection ticket, 615 
Instruct, hpw to, 513 
Instruction card clerk, 58 
Insurance, for employees, 522 
Integration, 38 

Interchangeability of parts, 6, 310 
Internal faults, 335 
Interruptions, allowance for, 383 
Interview 

counseling, 532 
employment, 475 
exit, 500 
Inventory 

management of, 561 
taking of, 587 
Investigation, personal, 477 

J 

Jefferson, Thomas, 5 
Jethro, 89 
Job definition, 439 
Job description, 439 
Job evaluation, 438 
Job ranking, 44 0 
Job shop operations, 612 
Job specifications, 440 
Jobs, key, 441 
Joseph, 3 
Joshua, 4 

K 

Key jobs, 441 

Key man in production, 101 

Key materials, 554 

L 

Labor 

attitude toward, 40 
division of, 6 
Labor budget, 664 

Xabor conditions, in plant location, 141 

Labor cost, 675 

Labor grades, 444 

Labor-hour method, 478 

Labor scouts, 472 

Labor supply, 471 

Labor time ticket, 675 

Labor unions 

attitude toward job evaluation, 449 
'attitude toward piece rates, 426 

I ■ I 

company, -24 


Labor unions— Coal, 
insurance plans of, 522 
relation to machine production, 207 
Laboratory inspection, 329 
Lamps, types of, 256 
Land, cost of, 143 
Last-in, first-out method, 568 
Lathe, 190 
Layoffs, 498 
Layout 

changing basis of, 220 
essentials of, 213 
process, 215 
product, 217 

relation to other problems, 221 
revision of, 220, 223 
Leadership, in product line, 37 
Lease arrangement, 39 
Lease or buy, 39, 161, 206 
Letter of application, 474 
Leveling factor, 381 
Levels of authority, 70 
Liability of employer, 523 
Life insurance, group, 522 
Light intensity, 251 
Light meter, 252 
Lighting 

experiments in, 23 
importance of, 249 
methods of, 250, 253 
relation of building to, 253 
Limit gage, 332 
Line 

definition of, 50 
departments of, 51 
relation to staff, 62, 64 
Linear programing, 28 
Lines of promotion, 72, 490 
Living costs, 402 
Living standards, 708 
Localized lighting, 255 
Loose standard 
causes of, 388 
correction of, 389 

M 

Machine loads 
changes in, 621 
report of, 634 
summary of, 621 
Machine overhead, 679 
Machines 
automatic, 184 
benefits of, 707 
causes of breakdowns of, 239 
design of, 244 
inspection by, 326 
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invention of, 6 
maintenance of, 235 
number of, per worker, 183 
operations by, 181 
output of, 204 
parts of, 181 
replacement of, 42, 202 
sale or rent of, 39 
selection of, 192, 196 
time-recording, 373 
types of, 182 

Maginot-line attitude, 695 
Maintenance 
budgeting of, 663 
of buildings, 175 
control of, 242 
of lighting systems, 257 
of machines, 236 
planning for, 238 
scheduling of, 239 
Management 
beginnings of, 6 
information for, 673 
of inspection, 335 
of maintenance, 238 
as a science, 10 
task, 9 

Management consultant, 19 
Manual dexterity, 479 
Manually operated machines, 182 
Manufacturing cycle efficiency, 644 
Manufacturing departments, 676 
Manufacturing design, 302, 304 
Manufacturing expenses 
accounting for, 676 
budgeting of, 664 

Manufacturing methods, development of, 6 
Market, nearness to, 138 
Market segmentation, 303 
Materials 

cost of, 568, 675 
effect of air on, 264 
handling of, 194, 222 
location near source of, 139~ 
purchase of, 541 
requisitioning of, 568 
storing of, 574 
strength of, 333 
Mathematical programing, 28 
Jteriamm inventory, 362 
Measured day rate, 416 
gage, 331 
apffhide test, 480 
Mechanization of .industry, 5 

use of, in time study, 379 
Medical services, 521 \ 

■Merit ■rating, 493- 


Methods improvement, 343 
Methods time measurement, 386 
Micrometer, 331 
Mill construction, 166 
Milling machine, 191 
Minimum inventory, 562 
Mnemonic classification, 577 
Monitor roof, 170 
Monotony, 272 
Morale 

definition of, 120 
factors in, 121 
importance of, 120 
Moses, 4, 89 
Motion model, 14 
Motion pictures, in time study, 14 
Motion study 

advantages to worker, 352 
contribution of Gilbreth t , 14, 344 
economies of, 351 
objections to, 352 
purposes of, 343, 3 44 
relation of, to time study, 365 
Motions, principles of, 347 
Move ticket, 615 

Multiple machine interference, 184, 383 
Multistory building, 164 

N 

National Bureau of Standards, 316, 398 
Natural laws, 10 
Noise, 270 

Nonfinancial rewards, 120 
Normal output, 680 
Normal year, 681 
Numerical classification, 577 
Numerical filing, 557 
Nurseries, provision of, 533 


Objectives 
company, 461, 491 
personal, 461, 706 
statement of, 515 
Observation sheet, 370 
Obsolescence, of building, 160 
Old-age benefits, 123, 524 * 

On-the-job training, 350, 511 
Operation ticket, 613 
Operations, in production, 612 
Operations research, 27 
Opportunity cost, 684 
Optical projection, 332 
Orders, issuance of, 630 
Organization 

functional, 57, 58 
line, 50 
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Organization— Cont. 
line and staff, 53 
meaning of, 33, 49 
need for, 49 
planning of, 79 
principles of, 68 
relation of, to size, 34, 36 
for research, 290 
for time study, 366 
■Overapplied expense, 680 
Overexpansion, of product line, 313 
Overhead conveyors, 198 
Overhead expense, 676 

P 

Pallet system, .199 
Partial budget, 655 
Partial inspection, 327 
Parts 

buy or make, 38 
interchangeability of, 6 
scheduling of, 610 
sequence of completion of, 611 
Paternalism, 41 
’Payment of workers 
by the hour, 414 
incentive method of, 431 
piece-rate method of, 424 
relation of, to morale, 121 
Pegboard, in planning, 621 
Pension plans, 524 
Performance rating, 90, 380 
Performance tests, 480 
Permanent storage, 224 
Person, Harlow S., 17 
Personal objectives, 121 
Personal investigation, 477 
Personal needs, allowance for, 383 
Personal staff, 54 
Personnel department, 460, 516 
Personnel policies, 462 
Personnel work, evaluation of, 465 
Philip of Macedon, 53 
Physical examination, 482 
Piece rates, 363, 385, 424 
Pilot plant, 292 
Pitched roof, 170 
Planned industrial district, 149 
Planning 
for building, 161 
financial, 655 
for maintenance, 238 
for new product, 292 
for production, 595 
planning department, 609 
Plant budget, 663 
2g3£|*nt cafeteria, 528 


Plant layout; see Layout 
Plant location, 137 
Plant magazine, 526 
Plant ownership, 160 
Plants, modernization of, 160 
Plug gage, 332 

Point system, of job evaluation, 443 
Policies 
financial, 41 
meaning of, 462 
personnel, 462 
statement of, 463 
Powered tools, 237 
Prices, rising, 162, 203 
Process chart, 224, 349 
Product 

dropping of, 40 
increase in number of, 37 
rating of, 323 
research, 282 
Product design, 223, 303 
Product line, expansion of, 37, 313 
Production 

estimate of, 639 
improvement in methods of, 6 
preparation for, 293 
stabilization of, 417 
Production control, 595 
Production report, 622 
Professional inspection, 324 
Profile inspection, 332 
Profit 

as an objective, 692 
overemphasis of, 694 
sharing of, 433, 701 
Progressive layout, 213 
Promotion, 72 
Public relations, 155 
Purchased parts, 541 
Purchases 

placing order for, 555 
timing of, 543 
types of, 541 
Purchases budget, 663 
Purchasing practices, 547 
Pure research, 284 


Quality 

control of, 283 
inspection for, 321 
maintenance of, 101 
payment for, 323 
Quantity 

to manufacture, 562 
to order, 553, 563 
Questionnaire, employee,, 128 
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Radiant heating, 263 
Rating 

of employees, 121 
of foremen, 115 
of product, 525 
Reciprocal buying, $50 
Recognition, desire for, 126 
Recommendations, of applicants, 476 
Recreation activities, $23 
Reduction of costs, 672 
Relative bargaining strength, 400 
Reorder point, $62, $66 
Replacement cost, 684 
Requisition 
for employment, 474 
for materials, 566, 630 
Research 
control of, 293 
co-ordination of, 238 
in management, 70$ 
organization for, 290 
types of, 284 
Research budget, 293 
Research project, life of, 295 
Responsibility 
assignment of, 70 
relation to authority, 70 f 
Rest periods, 276 
Retirement plans, $24 
Rewards 
financial, 91 
nonfinandal, 91 
in training courses, $16 
Rising prices, effect of, 42, 162, 203 
Risk taking, by management, 69$ 
Roofs, 169 
Routing, 610 
Rowan plan, 421 
Rules, concerning discharge, $00 


S 

Safety 

tik buildings, 172 


. bufft-in, m „ 

1 treasures of, 58$ 

- relation of machinery to, 195 


training in, 5X4 


Safety colors, 259 

Sate^-k^te-bttck arrangement, 161 


Sates budget, 661 



Scheduling 

of maintenance/? 39 v 

of production, 617 
Science, management as, 10, 704 
Scientific management, 7, 10, 704 
Seasonal variations, 4 19 
Security, of workers, 122 
Segmentation of markets, 303 
Selling expense budget, 666 
Semiautomatic machines, 183 
Semiworks, 292 
Seniority, 495 
Separation ‘rate, $02 
Service departments, 227, 677 
Set-up man, 58 

Shop overage and shortage, 634 
Shop steward, 388 
Simplification, 315 
Single-story building, 164 
Situational testing, 480 
Size, problems of, 36 
Skill, rating for, 381 
Small-town location, 146 
Smoke, removal of, 265 
Snapback method in time study, 372 
Social obligations, of a company, 691 
Social relationships, of workers, 12$ 
Social status, 124 
Sound systems, 271 
Sources of supply 
of materials, $47 
of workers, 471 
Space comprehension, 479 
Space, effective use of, 214 
Specialists, attitude of, 694 
Special-purpose equipment, 192 
Special staff, $4 
Specifications, 306, 552 
Speculative buying, 554 
Stability, 32, 42 
Stabilizers, built-in, 704 
Staff 

authority of, 54 
development oC 35, 53 
effectiveness of, 700 
kinds of, $4 r 

relation of, to late, $4, 62, 107 
Standard cost, 674, 682 
Standard element tiroes, 384 
Standard quantities, 562 ' 

Standardization of, product, 6 
Standards * < v 

eommeccbti, 508 
industrial, 508 
• judgment if* - 

production, .36, 364 £ 



Statement of profit and loss 
estimated, 677 * 

in plant location, 153 
Static budget, 657 
Statistical data, uses of, 699 
Statistical methods, in inspection, 327, 55: 
Status, 124 
Steep organization, 34 
Steward, union, 388 
Stop watch, in time study, 369 
Storeroom layout, 576 
Stores 

classification of, 577 
issuing of, 583 
receiving of, 575 
Strikes, cost of, 703* 

Suburban location, 146 
Suggestion systems, 529 
Superhighway, location on, 148 
Surgical benefits, 521 
Synthetic industries, 222 
Systematic planning, 603 

T 

Task and bonus plan, 12 
Task system, 9 
Taxes 

in plant location, 144 
relation to leasing, 163 
Taylor, Frederick W., 7, 20, 125 
Teamwork, development of, 694 
Temporary storage, 224 
Termination report, 501 
Testing, situational, 480 
Tests 

in inspection, 330 
for workers, 20 
Therbligs, 345 
Thompson, Sanford E., 16 
Tight work standard, 388 
rime-recording machine, 373 
lime study 
allowances in, 383 
beginning of, 363 
criticism of, 390 
making of, 367 
relation to motion study, 365 
pses of, 363 
Erne-study man, 366 
Eme ticket, 675 
riming of purchases, 543 
tolerances, 3Q7 
Total cost, 684 
Towne, Henry H, 7 
Trade tests, 479 
... 

foremen^, 108 


Transfer of employees, 489 
Transportation facilities, 139 
Turnover, labor, 501 

U 

Underapplied expense, 679 
Unemployment 
costs of, 418 
reduction of, 704 
Union steward, 388 
Unions 

of foremen, 111 

policy of, concerning machines, 207 
relation of, to management, 41 
Unit cost, 675 

Unprofitable designs, elimination of, 315 
Unsafe practices, 586 
Upgrading, 514 

V 

Variances, 306 

Varieties of product, 313 

Vendors 

relations with, 547 
selection of, 548 
Vertical co-ordination, 52 
Vertical integration, 38 
Vestibule training, 509 
Visual inspection, 325 
Voluntary inspection, 325 
V-shaped roof, 170 

W 

Wage criteria, 401 
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